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PEEFACE: 



In this short treatise the general laws that govern 
power in motion are exhibited in simple form, to 
meet the known wants of practical men engaged in 
engineering works that require the employment of 
horses, hoists, block and tackle, wheel gearing, and 
long and short driving bands, of wire rope or of 
leather. 

The aim is, so to explain the essential principles, 
that the value of means proposed for the performance 
of work, under the varied circumstances of common 
practice, may be easily determined. 

Common arithmetic alone is used in working out 
the questions, except in the case of driving bands, 
when, for the extraction of certain values, common 
logarithms are employed necessarily, but in so simple 
a manner that no difficulty need be felt, even by 
those unaccustomed to the use o£ \og«cnSttm.^ 
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IV PREFACE. 

In treating questions of angular force a table of 
natural sines, &c., is necessary, where the value is 
decided by the angle; but the simple method of 
computing by the tabular values of the angle has 
been so circumstantially explained, and exhibited so 
plainly in the illustrations, that no difficulty need 
occur here either. 



Gateshead, 

April, 1871. 
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SECTION I. 

1. Power, and work done, stand relatively to each 
other as cause and effect. 

Pressure is power in an active state. 

Resistance, without which pressure cannot exist, is 
power in an inert state. 

When the resistance equals the pressure, there is no 
work done, because of the balance between the forces. 
When the resistance is less than the pressure, the resist- 
ing body is pressed out of its place, and the extent of its 
motion multiplied by its resistance, gives the measure of 
the work done by the moving power. 

2. As it has been found convenient to adopt a unit of 
length, termed 1 foot, for measuring distance, and a unit 
of weight, termed 1 lb., for measuring gravity, and a unit 
of time, termed 1 minute, for measuring time ; so it has 
been found necessary in measuring forces, to adopt what 
is termed a unit of work, which is performed whenever a 
pressure of 1 lb. is exerted through the space of 1 foot in 
any direction ; that is, either in lifting or in pushing. 

We must distinguish, however, between mere dead- 
weight suspended, and the same when rolling or sliding : 
thus, the pressure exerted through the space of 1 foot 
will, in the case of sheer lifting, be simply not* l^-e^^. \5casv 
the weight lifted ; whereas in a case oi T^w.'^vck^ ort \\sSefli%, 
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the pressure or tension will simply be not less than the 
frictional resistance of the load in motion ; and this, as 
we shall find shortly, may amount in some instances to 
merely a very small fraction of the total load. 

8. When we raise vertically a pound weight 1 foot 
high, we perform 1 unit of work, and when we raise it 
10 feet, we perform 10 units of work. Whereas, when 
we slide a pound weight along a surface, the frictional 
resistance between which and the weight is equal to, say, 
one-fifth or -20 of the whole weight, we do not perform 
1 unit of work until we have slidden the weight 5 feet ; 
and have to slide it 50 feet before we have performed 10 
units of work. 

4. The time occupied in these several motions does not 
require to be known in determining simply the number of 
units of work performed ; so that the lift of 10 feet may 
take 10 seconds or 10 hours, without affecting the mea- 
sure of the power expended ; but, when we wish to know 
the capacity for work of any source of motive power, we 
must ascertain how many units it is capable of doing in a 
given time, say in 1 minute. 

We can easily see that without a time-standard in ques- 
tions of motion, we would be unable to form any clearer 
idea of the value of any given motive power, than we 
might get by merely weighing in a pair of scales, the 
pressure exerted, and the resistance overcome. We would 
know the slight difference between them, but not what 
it was worth practically. 

A time standard, however, to be of practical use, must 
refer to the capacity for work, or the strength, of some 
definite power with which we are familiar, such as the 
strength of an average man, when manual labour is con- 
cerned, or is about to be superseded by engine power ; 
or of a horse when the forces are of greater magnitude, 
or such as usually, or previously, were supplied by horses. 

5. It has been shown by experiment that a horse of 
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HORSE POWER. O 

average strength will perform about 22,000 units of work 
per minute. 

When an average horse is actually employed to do the 
work, the standard ought probably to be no higher than 
this ; but when the power is derived from steam or water, 
we may use the number 88,000 given by Watt, and still 
used by engineers ; because, though this latter number 
be in excess, it serves quite as well for a standard as the 
natural strength of the horse, when it refers simply to 
pressure putting weight in motion. 

6. Watt, in his estimate, assumed the ordinary pace of 
the horse to be at the rate of 2^ |bv^_ 
miles an hour, which is equal to ^ T 
3| or 8-66 feet per second, or "''''^''^| 
220 feet per minute ; and that 1 
at this pace a heavy London 
dray-horse could raise 160 lbs. 
suspended at 6 by a rope pass- 
ing over a pulley a, Fig. 1. Fig i. 

Miles. Feet. 

n-R — : — 7 — = 220 feet raised per minute, the height of 

the lift being equal to the distance walked by the horse : 
so that 160 lbs. x 220 feet per minute — . 88,000 lbs. 
raised 1 foot high, or 1 lb. raised 88,000 feet high per 
minute, the force expended being the same whether we 
make the unit figure 1 lb. or 1 foot, 

7. Now, as a pressure of 1 lb. exerted through a space 
of 1 foot in any direction, is the standard measure for a 
unit of work, so these 88,000 units form the recognised 
unit of horse-power, expressed thus: 88,000 units of 
work = 1 H.P., referable, however, to 1 minute of time, 
because the unit of horse-power is the unit of intensity ; 
whereas the unit of work is simply the unit of quantity, 
without reference to time. So that the latter xcka^j \i^ 
performed bv a very weak power exet\.mg^ «i. ig.x^^^'ox^ q>^> 

B 2 



4 POWER IN MOTION. 

say, one-twelfth of a pound through a distance of 12 feet, 
or hy a relatively strong power exerting a pressure equal 
to 12 lbs. through a distance of 1 inch. Either of these 
quantities of work performed being simply equal to 1 lb. 
pressure exerted through a distance of 1 foot, and there- 
fore equal to 1 unit. Thus : — 

Feet. lbs. Units. 

(1) .... 12 X -iV = 1 

(2) .... ^V X 12 = 1 
(8) . . . . 1x1=1 

When time is taken into account the (2) case would re- 
quire to move 12 times as slow and the (1) case 12 times 
as quick as case (8) in performing 1 unit of work in the 
same time, but as this introduces velocity into the question 
as a new element, which will vary with every slight change 
in the pressure, we save trouble by limiting the time to 1 
minute for the performance of 88,000 units ; so that when 
we have the pressure in pounds, which can never be 
sensibly more than the resistance when the motion is 
uniform, we divide the standard 38,000 by it and thereby 
get the distance in feet travelled by the pressure within 
the minute of time, and consequently, the velocity in feet 
per minute. 

8. We have already found that when the resistance 
equals 150 lbs., the velocity is 220 feet per minute. 

When the resistance is increased to 200 lbs. we have 
88,000 -^ 200 ^ 165 feet per minute, and similarly for 
other pressures ; the speed decreasing as the resistance 
increases, and increasing as the resistance diminishes : 
because, the unit force of a nominal horse-power being a 
definite quantity, which is assumed to be fully employed 
when lifting 150 lbs. at the rate of 220 feet per minute, 
that definite quantity would be only half expended were 
we with the same load to reduce the speed to 110 feet 
pBT minute^ and it would have twice the work it was 
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capable of performing were the speed doubled by increas- 
ing it to 440 feet per minute. 

We may see this in clearer light when we use simpler 
terms, thus: — A unit of work represents 1 lb. raised 
1 foot in, say 1 minute ; if that 1 lb. be raised only J foot 
in 1 minute, there is only i unit of work performed. 
Consequently the power that is capable of doing a whole 
unit in that time is exerting only half its strength. 

Again, if the 1 lb. weight has to be raised 2 feet in the 
minute, equal to 2 units of work, by the power that is 
capable of doing only 1 unit, it is plain that either the 
power must be doubled or the weight must be reduced to 
i lb., to bring the work down to the 1 unit capacity of 
the power. 

When the speed is reduced to 110 feet per minute, we 
have 110 feet x 300 lbs. = 83,000 units, and when it is 
increased to 440 feet per minute, we have 440 feet x 75 
lbs. = 38,000 units. 

9. When we know the distance only, we divide the 
88,000 by it to get the pressure ; and, as before remarked, 
when we know the pressure only, we divide the 88,000 
by it to find the distance ; that is, when a clear and 
simple horse-power is concerned. 

When we do not know the value of the power, that is, 
the number of units of work it can expend per minute, 
we ascertain it by multiplying the distance by the resist- 
ance overcome, and then dividing the product by 38,000 ; 
in which case the velocity and resistance have first to be 
determined. 

10. With reference to our remark that the force ex- 
pended in performing 1 H.P. of work is the same whether 
we say 88,000 lbs. 1 foot high, or 1 lb. 83,000 feet high, 
we may make the reason sufficiently plain by stating the 
case thus : 1 lb. raised 1 foot high being 1 unit, it is 
clear that there will be as many units as there oc^ ^lQ^^^^ ^xsl 
any height to which that pound iwei^X. -Dasu^ \i^ Q.^s:^<5k^\ 
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and again, when we say 33,000 lbs. raised 1 foot = 33,000 
units, we have only to suppose each pound weight lifted 
separately to the height of 1 foot. So that 33,000 feet 
X 1 lb. = 33,000 units, and 1 foot x 33,000 lbs. = 
33,000 units. 

This direct method, however, must be understood to 
apply to nominal horse-power only, as exerted by inani- 
mate agency, such as steam or water-power. When 
speed is increased in the case of a horse yoked, as in 
Fig. 1, the power of the animal is expended not only in 
raising the pulley load at a quicker rate, but also in carry- 
ing the weight of its own body quicker over the ground ; 
hence it follows that, when speed is increased, the pulley 
load must be lightened in a diflferent proportion to what 
is required when the power is derived from steam, which 
is pure pressure or power without appreciable weight of 
its own requiring to be carried; or, when the power is 
derived from water, the pressure from which is due solely 
to the weight of the fluid, which being borne solely by the 
resistance, experiences nothing corresponding with the 
fatigue of the horse, but, gravitating ever downwards, 
performs work by its motion, the more motion the more 
work, instead of absorbing power to supply its own wants 
as in the case of the weight of the horse. 

11. To put the power of the horse on equal terms with 

the water, we would have to 
put the animal into a cage, 
as in Fig. 2, and let the sim- 
ple weight pf its body act in 
place of the lean-to pressure 
of that weight aided by the 
muscular power, as in Fig. 1. 
Placed in the cage, it would 
raise any load a not quite 
equal to its own weight, and 
wou)d thus raise a greater weight than when pulling on 
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the ground. But then, like the water, it would be useless 
for further effort when it reached the bottom that it had 
raised the load a from. 

12. Further, to put it on equal terms with steam-power, 
we would require the body to communicate all the energy 
of its muscular power to bodies outside of itself, without 
abstracting any to enable its own motions to be made. 
The energy of the muscular power, however, does not 
comprise the whole power of the horse, because, much 
of the whole power is due to the weight of the body ; so 
that, if we were to make that weight no more than equal 
to the 160 lbs. load, lifted at the rate of 220 feet per 
minute, the muscular power, no matter what its amount 
might be, could work with no more effect than afforded 
by the friction of 160 lbs. dead weight pressure upon the 
ground, so that if the friction of the horse's feet upon an 
ordinarily smooth road amounted to, say, one-fourth of 
the weight of body they supported, we would require to 
saddle weights upon his back, to make the pressure of 
the feet equal to four times the pulley load, to just save 
him from sliding backward ; because the friction of his 
assumed weight, 160 lbs., being only 160 -+- 4 = 37'6 
lbs., the pulley load has four times his power, and would 
quickly overcome him. (Paragraph 19.) 

The working parts of a steam-engine, or of a water- 
wheel, require to be put in motion by the motive power, 
equally with the body of the horse at work, and friction 
is increased in these working parts when the burden of 
work to be done is increased, equally with what happens 
in the joints of a horse when a greater burden is put upon 
him : but, the horse's joints are softer than the shaft- 
bearings, wheel-teeth, and crank-pins, of an engine, and 
they are steadied by muscles which, though admirably 
disposed and strung together, are more easily injured 
than things of wood and iron, so that one ^lon^e-^a^^t ^H. 
animal strength acts within a raoxe WmiVe^ TWi%^ 'Oa»2a. 
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one horse power nominal in the case of steam or water- 
power. 

13. Tredgold adopts the 88,000 unit standard, but 
estimates that the horse performs this maximum amount 
of work when moving at the rate of 8 miles an hour, con- 
sequently, the load he then lifts is less than the 150 lbs. 
for the 2i mile rate according to Watt. He makes allow- 
ance for decrease in the strength of the animal at higher 
speeds, and for a corresponding increase at lower speeds 
than his 8 mile standard rate. 

We will put a few of his figures into form here. 

Miles Feet Potinds Units 

per hoiir. per min. lifted. per min. 

2 = 176 X 166 = 29216 • 
2i = 220 X 146 = 82120 
8 = 264 X 125 = 83000 
8J = 308 X 104 = 32082 

4 = 352 X 83 = 29216 

5 = 440 X 411 = 18380 

14. The Eule by which the load is ascertained when 
the speed is known is thus expressed. 

250 — (411 X the speed in miles) = the load lifted by 
pulling in pounds. Thus : — 

250 - 41-66 X 3 = 125 lbs. 

The 41*66 is multiplied by the number of miles per hour 
before being subtracted from the 250. 

We shall have occasion, later on, to speak more fully 
regarding the full load, which is here represented by 125 
lbs. pulling or lifting force, but may here observe that 
this Rule is only approximately correct. The constants 
250 and 41*66 are applicable only to speeds not greater 
than 5 miles an hour. Moreover, the results they give 
are indefinite as to the length of time the animal is capable 
of continuing the exertion. 

This is of little consequence, when we seek merely a 
Bt&ndard for steam or water-power, without particular 
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reference to the animal power to be superseded. But as 
oui' remarks refer more particularly to animal power, we 
will now employ a Table of Tredgold's relating to the day's 
work of a horse of average strength, performed at diflferent 
velocities, on common roads and railways, and in towing 
boats on canals. 

15. Useful effect of one horse working one day, in tons 
drawn one mile. 



Velocity 
per hour. 


Dui'ation 

of the day's 

work. 


Pulling 
Force. 


Canal. 


Level 
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16. We here perceive that when the speed is increased, 
the load in tons decreases, in the case of canal towage, at 
a quicker rate than in the case of railway and common 
road draught. This is owing to the boat in motion having 
to displace, for every mDe it advances, a body of water 
equal to the average breadth and depth of the body of 
the boat under water, multiplied by 1 mile length ; whereas 
rolling loads have merely the surface resistance of the 
roads and the friction of the wheel axles to overcome. 

We will suppose, for convenience in calculation, that 
the weight of that volume of water, 1 miJe in length, is 
only 520 tons, equal to the weight of the boat for the 
one-horse power at the 2^ mile speed. 

Of course, the weight of the body of water 1 mile long 
would be immensely greater than this, bu.t.'^^'^*\yL^^'s.\as\s6 
it to he no more than the weight oi Wife\io«k\i>\i^^wi^<5v"^^ 

B 8 



10 POWER IN MOTION. 

know that a boat afloat displaces a weight of water equal 
to its own weight, and its own weight being here known, 
and being at the same time the measure of the draught 
upon the horse-power, we use it in finding simply how 
the horse-power stands in relation to it at different speeds, 
as regards resistance only. When we wish to ascertain 
the total actual work done, in towing the boat 1 mile, we 
require to find the resistance of the whole water displaced 
in that distance. 

17. When we double the speed from the rate of 2^ 
miles an hour to 5 miles, we displace double the volume 
of water in the same time as was occupied in the dis- 
placement of the single mile volume at the lower speed ; 
that is, we have to displace twice the weight of water, at 
twice the velocity, which gives us 2 x 2 = 4 times the 
resistance, which is equivalent to 2080 tons of water 
displaced at 2^ miles an hour ; so that 4 horse-power 
would be required at 5 miles an hour to tow the load 
that required only 1 horse-power at 2 J miles ; and this 
increase of power from 1 to 4 would be sufiicient to 
maintain uniformly, for any length of time, the 5 mile 
speed of a boat weighing 620 tons, were it derived from 
a steam-engine on board the boat : but, when the power 
works in the body of the horse, which has to apply an 
increased proportion of its strength to carry its own 
weight forward at the increased pace, we find that the 
strength of the 4 horses would be spent quickly, and long 
before they had expended upon the boat the full unit 
power of work they possessed capacity for at the 2^ mile 
pace. (Paragraph 35.) 

We find that the Table gives as a day's work of 2*9 
hours for 1 horse, only 52 tons, drawn 1 mile at the rate 
of 5 miles an hour. This ife only one -tenth of the load 
which a horse can draw 1 mile at 2i miles an hour for 
a day's work of 11 J hours. 

As the Tables relate to the work of 1 horse only, and 
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as the duration of a day*s work at the 2i mile speed is 
11-5 hoars, we have 11-5 X 2-5 = 28'75 miles distance 
travelled ; and, at the five-mile speed, 2*9 hours X 5 = 
14-5 miles ; so that 28-75 -r- 14-5 = 2 times nearly, dis- 
tance ratio. And, as 520 tons -r- 28*75 = 18-09 tons 
nearly, per mile for the 2^^ mile speed ; and 52 tons 
-1- 14'5 = 3-58 tons per mile for the 5-mile speed : we 
have 18*09 -r- 8-58 = 5 times, load ratio : so that, 
5 X 2 = 10 times, the same as got directly thus, 520 -i- 
52 = 10. 

A load of 18-09 tons hauled 28-75 miles is equivalent 
to the convenient tabular expression, 520 tons hauled 
1 mile ; and 3*58 tons hauled 14*5 miles is equivalent to 
52 tons hauled 1 mile. 

In this we assume that the powers given in the Table 
are correct : not absolutely, though sufficiently near for 
approximate estimate. 

18. In the case of the highest speed of 10 miles an 
hour, 3*6 tons drawn 1 mile on a level road in three- 
quarters of an hour, is the estimated day's work. Now, 
this statement of speed, load, and time, thus expressed 
in tabular form, has its equivalent in about half a ton 
drawn 7i miles in the same time. The principle on 
which the Table is framed, allows this equivalent to hold 
good, but we have to suppose the load and the horse- 
power divided each into 7i parts, each of these fractional 
powers bearing forward in the time given, a correspond- 
ing fraction of the load the distance of 1 mile, to make 
the aggregate equal to 7i miles with ^ portion of the 
load ; in the same way as we imagined the pound weights 
of the 33,000 lbs. to be all separately raised 1 foot high, 
to form in the total 1 horse -power. 

Seven and a half miles in three-quarters of an hour is 
at the rate of 10 miles an hour, the usual speed of mail 
stage-coaches on a level road. 

These coaches, when loaded, "wev^ ^ot^\» ^ \«Qa% 
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consequently, the 4 horses usually yoked to them are 
no more than necessary to draw them at the 10 mile 
rate ; and those horses have done work enough for one 
day, when they have performed a 7| mile stage with a 
half- ton load each, at that pace. (Paragraph 35.) 



SECTION II. 

19. Ahorse, when- in the act of pulling, leans its weight 
forward until the centre of gravity of the weight so far 
overhangs the feet as to overcome the resistance of the 
load behind it. 

Let the block x x. Fig. 3, represent the body of the 
horse, resting on legs t t. The weight of the body aided 
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Fig. 3. 

by the muscular strength has to raise the load r, by means 
of a rope passing over the pulley jt?. 

Now, it is clear that when the horse is standing at ease, 
the weight of the body is simply supported, that is, it is 
merely acting with a downward pressure, in which con- 
dition the pulley load would have little difficulty in drawing 
it out of balance backward, and if, as we before observed, 
the load be greater than the amount of friction of the 
horse's feet upon the ground, would quickly slide it back- 
ward bodily, supposing the legs ri^d. 
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20. We will assume the weight of the horse to be only 
900 lbs., and the pulley load 150 lbs. clear strain. 

The pressure of power required to overcome the re- 
sistance of the pulley load is derived from the weight of 
the animal, the muscular strength of the limbs being 
required for motion mainly. 

The heavier the strain upon the horse, the lighter is 
the burden upon the fore limbs, because in pressing for- 
ward upon the breast-band d, that band, connected to 
the rope that bears the load, receives, and supports, as 
much of the weight as is required to overcome the resist- 
ance, leaving the fore limbs no more to support than a 
part of the weight of the fore half of the body. The hind 
limbs, on the other hand, being more distant from the 
point d, have to support nearly their ordinary share of 
one- half of the full weight of the body ; the hind feet are 
thereby planted firmer on the ground, and, as the hind 
limbs, by formation and situation, are best adapted for 
propelling the body forward against the pressure at d, 
this greater weight upon them is an advantage. 

21. The pressure required is 150 lbs.; we find the 
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number, to get the distance a b, which the weight of the 
body must project in advance of the feet, to give the 
pressure that will overcome the load resistance. For 
convenience, we place the triangle of which a 6 is to form 
a side, in the hinder half of the block. 

900 -7- 150 = 6 times, to be used as a divisor of the 
height of the horse, which we will assume to be 54 inches, 
represented by the line b c, which is made equal to d j, 
the whole line d a b k being horizontal and parallel with 
the ground. 

54 -r- 6 = 9 inches = ab, which represents 150 lbs. re- 
sistance, when b c represents 900 lbs. 

In the Fig., the angle is exaggerated to make the parts 
more distinct. 

22. In projecting the centre of gravity of the weight 
from b to a, with c, which represents the feet of the horse, 
kept stationary as a centre, the height b c will be reduced 
to an extent which may be measured on the diagram, or, 
when the angle a c b is known, can be readily ascertained 
by reference to a Table of natural sines, &c. 

Make c the centre and b c the radius ; form the arc b e, 
then draw the line «/ at right angles to b c. The distance 
b f is the versed sine in the Table, and represents the 
loss in height when the horse leans forward ; ^ / is the 
sine, and / c the cosine, the tabular values of which for 
the given angle, represent in decimals the proportionate 
length of these lines, with reference to the radius which 
measures 1*0. Thus, we have found that J c is 6 times 
as great as a 6 ; and as 6 c is equal to 1*0, we divide it by 
6, and get 0*166 for ef. On referring to the Table, we find 
that this is the sine of 9° 83, the versed sine of which is 
*01385, represented by 6/, and the cosine '9861 repre- 
sented by/ c. 

We have here made e f and / c take the place oi ab 

and b c m the 1 to 6 proportions of the sine and radius, 

because, as we shall by-and-by explain i\x\\y, t\iek IVa^^ 
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sides of the triangle a b c are in the same relative propor- 
tion to one another as those of the lesser triangle efc, 
the angles being the same in both ; and, as the values of 
the sides of a triangle are ruled by the angles, whatever 
be the size of the triangular figure, these values would be 
the same were we to employ the reduced triangular figure 
h i c, in which case b c would be to i c as a 6 to /i i. 

23. A. heavy horse of less muscular strength than one 
lighter, can bring more pressure to bear upon the breast- 
band, and therefore has an advantage over the lighter 
animal. A horse may project its weight not against a 
breast-band, but against a collar resting on the shoulders. 
This does not affect the principle we are explaining, and 
the band forms a simpler illustration. 

24. To start a load suddenly requires much more power 
than is needed to maintain uniform motion afterwards ; 
and the same may be observed regarding a sudden increase 
of speed ; because the resistance of the inertia of the load 
is here brought into action, in addition to the nearly 
uniform resistance due to friction. 

We will leave friction out of account, and, with the 
help of Fig. 5, will explain the cause of this increased 
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resistance. We will assume that the speed on the lower 
line e c IB equal to 264 feet per minute ; and that the 
speed on the upper line a 6 is 852 feet per minute ; and 
that the load is 2500 lbs. weight; and will assume further, 
that the horse is exerting a power of 125 lbs. in pulling 
this load at the rate of 264 feet per minute on the level. 

We wish to carry the speed ^suddenly up to the higher 
velocity, say in a distance of 20 feet along the line e h. 
We represent ^ 6 as an inclined "pVoxxe^ TCiet^"^ \»o ^-^^cSss^i^ 
in sensible form the rise in speed*, "beewaae ^^ ^^sss>§^^ 
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rules applicable to the incline plane, do not apply here 
to the inertia of matter. 

25. Resistance to motion, of a body at rest and free 
to move, when friction is excluded, is the force of inertia. 
It operates equally in a start from a state of rest, as in a 
sudden increase of motion. 

26. The measure of time usually employed in computing 
the measure of the resistance is 1 second ; and the velocity 
g acquired at the end of 1 second, by a body falling freely, 
is employed as a ** constant" divisor of the weight to be 
moved, to get what is technically termed, the ** Mass." 

Thus, let W = the weight ; g = gravity ; and M = the 

W 
mass : then — = M. 
9 

The force of gravity is here employed, because it is a 
known fixed quantity for uniformly accelerated free motion 
through space. 

A rolling body has not absolutely free motion, because 
of the friction of the surface it rolls upon ; but, as the 
amount of this friction is independently found, and taken 
into calculation ; and, as what is termed the momentum 
of a body in motion is ruled by the velocity of the 
weight, the known quantity **^," for free motion, is 
employed as the standard for determining the precise 
value of the rolling velocity. It represents a velocity of 
82 J^ feet at the end of 1 second, when let fall from a state 
of rest ; and is at the same time, the velocity imparted to 
a falling body, or taken from a rising body, by gravity, 
during each second of its free motion, in addition to, or 
subtraction from, the velocity of each preceding second. 
We will presently explain this at greater length. (Para- 
graph 39.) 

The equation, put into arithmetical form, stands thus : 

W ^^ 2600 „„„^ 
7 = ^=32.166 -^^•72. 

£7> To make this result of use, we nmat iiO"w divide 
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the velocity in feet per second, of the body in motion, by 
the time occupied in the passage from e to b ; then, em- 
ploy the quotient to multiply the quantity represented by 
M. We thereby get the resistance of the inertia, expressed 
in pounds. 

28. The velocity assumed here must be the average 
between the speeds at e and b ; that is, 264 + 352 = 616 
-^ 2 = 308 feet per minute, or 5*13 feet per second; and, 
as we assume that the change to the 352 feet speed is 
effected in the distance of 20 feet, we find that 308 -^ 20 

1 5*13 

= -rF-i minute = 3*9 seconds: so that ., ,, = 1*316 x 

77-72 = 102*28 lbs. force, requiring to be expended by 
the horse in overcoming the inertia of the load, in the 
sudden increase of speed, in addition to the 125 lbs. 
traction for uniform velocity ; thereby making the drag 
upon the horse, in the passage from e to b, equal to 
227-28 lbs. 

The full equation is thus expressed, — 

- — X— r =Mx-r= resistance : 
g t t 

V = velocity in feet per second ; t = the time in seconds 
occupied in the passage. 

The 227'28 lbs. strain thus found, we now multiply by 
the 808 feet per minute average speed, and thereby get 
70,000 work units ; which, when divided by 32032, the 
unit standard for the speed of 308 feet per minute, as in 
Table 1, gives 2*18 horse-power. 

227-28 X 308 = 70000 -r- 82032 = 2*18 H.P. 

• 

We here see that in the drag from e to b, during 3*9 
seconds, the horse has been expending fully two and a 
sixth times as much force . as was required of it at the 
lower speed along the line e c ; consequently, "wex^ \j£^'3. 
strain continued bo as to extract a day' ^ ^oxY, >i\i"a.\» ^'sc^'*^ 
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work would be completed in less than half the time the 
animal would continue at work at the lower speed. 

29. We learn from Be van's notes in the Philosophical 
Magazine, that the mean force of good horses engaged in 
ploughing, is about 160 lbs., at the rate of 2^ miles an 
hour ; doing full day's work continuously for many weeks 
without injury. But, as the strain in ploughing is steady, 
whereas, in ordinary cart draught, it is of a jolting nature, 
we will take 8 hours as the term of a day's work, with 
125 lbs. pull at 264 feet per minute ; and, dividing the 8 
hours by the 2*18 horse-power, get 3*67 hours as the 
duration of, a day's work, when drawing 227*28 lbs. at 
the e to b average rat^ of 808 feet per minute. 

8 
^^ = 3*67 hours. 

30. We will now assume that the horse is allowed a 
length of 60 feet, to increase the speed from 264 to 352 
feet per minute. 

The average speed on the line e ais the same as for 
e b, viz., 308 feet per minute, or 5*13 feet per second ; 
but, as the distance ^ a is greater than e 6, so must the 
total time occupied be greater ; thus 

808 -f- 50 = -nTTn minute =9*74 seconds. 

Employing the same formula as for the e b distance, 
/W , \ / 2500 ^ \ , , 

we have ( — = Ml = (32:266 ^ '^'^* / ^^^®^°^®' ^^^ 

V 5*13 

for - we have qt?^ = '527, by which we multiply M, and 

get 77*72 X '527 = 40-95 lbs. additional force required 

to overcome the inertia of the load on the line e a, so that 

125 + 40-95 = 165-95 lbs. total strain. And further, 

165-95 X 808 ^ 51112 units of work per minute, 

51112 ^ ^^^, 

QQQQQ = 1*596 horse-power. 
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8 hours 

— --— - = 5-01 hours duration of day's work at the 

e a rate of increase, with a strain of 16 5*95 lbs. when 
the horse cannot work without injury, longer than 8 
hours per day, with a strain of 125 lbs. 

81. We here see that, with a given weight of load, and 
velocity of motion, the intensity of the strain upon the 
horse is ruled by the time allowed ; that is, by the term 
**t" in the equation. 

Were only 1 second allowed, the equation would stand 

5*13 
thus : 77-72 x — j— = 398-7 lbs. force required to over- 
come the inertia of the load, in addition to the 125 lbs. 
uniform pulling strain ; and the line ehm this case would 
be as 5-13 to 1 for the rise d b, 

898-7 + 125 = 523-7 lbs. total strain upon the horse ; 
so that, supposing the horse weighs 1500 lbs., it would 
have to throw fully one-third of its weight upon the collar 
or breast-band. Fig. 4, which would cause the body to 
project so far in advance of the feet, and, at the same 
time so reduce the weight upon which the frictional ad- 
hesion of the feet upon the ground is dependent, that the 
animal would be more likely to fall, than to give motion 
to the load. 

32. The ultimate speed on reaching the higher level 
a b, is greater than the average speed on the rise to it ; 
consequently, we might expect that the traction of the 
load, multiplied by the speed, would here place more 
strain upon the horse, and therefore sooner exhaust it; 
but, as the speed will now be uniform, and, as the inertia 
or deadness of the load is unfelt either in a state of rest 
or of uniform motion, we are free, in the case of a wheeled 
carriage, to ascertain the number of units of work done, 
simply, by multiplying the frictional resistance on road 
and axles, represented by the pull, by the dist^csv^^ \xi i^^\» 
travelled; then, dividing this numbeT \>7 ^"^^Qi^^ ^^ ^^"^ 
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the horse-power expended. Thus: 125 lbs. x 352 feet = 
44000 units, -r- 33000 = 1*33 nominal horse-power as the 
rate of the effort. But, employing the 29216 unit measure 
of Table 2, we get 44000 -r- 29216 =1-5 actual horse- 
power, supposing the labour to be continued for the same 
number of hours as constitutes a working day at the 
lower speed of 264 feet per minute. 

33. At the higher speed, with animal power, the day's 
work is of shorter duration than for the lower speed ; but 
in a less simple ratio than for nominal horse-power. We 
will explain this with the help of Tredgold's Tables. 

We employ the tabular values of average strength more 
with a view to find the comparative decrease of pulling 
force as the speed increases, than to fix positively the 
quantities of pulling force, or the precise time of a day's 
work for a horse ; because the average must necessarily 
be in the middle of so wide a range from weakest to 
strongest, as to be of indefinite practical application. 

Employing Tredgold's Table (2), with the pull constant 
at 83 lbs., we give in Table (3), the units per minute, 
and the total number that constitutes a day's work at the 
different velocities. 

Units. Day's work 

Miles. Feet. lbs. Minute. Hours. Minutes. units. 

2i 220 X 83 = 18260 x 115 x 60 = 12599400 

3 264 X „ =21912 X 8-0 x ,,=10517760 

34 308 X „ =25534 X 59 x „= 9049620 

4 352 X „ =29216 x 4-5 X „ = 7888320 

5 440 X „ =36520 X 2-9 x „ = 6354480 

6 528 X „ =43824 X 2-0 x „ = 5258880 

7 616 X „ =51128 X 15 x „= 4601520 

8 704 X „ = 58432 X 1-12 x „ = 3326530 

9 792 X „ =65736 X 090 X „= 3549720 

10 880 X ,, =73040 X 0*75 x „= 3286800 

34. The weight being constant, the minute units increase 
simply with the speed ; thus, 10 miles divided by 2i miles 
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give 4 ; and 73040 minute units divided by 18260, give 
likewise 4 times as much work done in carrying a strain 
of 83 lbs. the distance of 880 feet, as in carrying it only 
220 feet. 

35. The horse, however, having to go with 4 times the 
velocity, has only, approximately, about one-fourth of 
the pulling power, that it has at the lower velocity ; so 
that, having to do 4 times as much work, with its pulling 
strength about 4 times as weak, we find that, at the 10 
mile speed, the strain is nearly 4 x 4 = 16 times as great 
as it has strength for ; so that the time of its endurance , 
without injury, is only about iVth of the time for the 2^ 
mile rate. 

36. We see that, according to Table (3), the number of 
units in the day's work decreases as the speed increases ; 
whereas, the number of units in the minute's work in- 
creases. 

The decrease in the day's work is ruled by the decrease 
in the strength of the horse at the higher speeds, repre- 
sented by the decrease in the time ; thus, 
12,599,400 -T- 3,286,800 = 3-8 times less work at the 10 
mile rate, than when the rate is 2^ miles. We now mul- 
tiply this by the 4 got by dividing 830 feet, by 220 feet 
speed, and thereby get 15*2, in place of the approxi- 
mate 16. 

Dividing the 11*5 hours of the 2 J miles by 15*2, we get 
•75 hour, or 45 minutes' duration of the day's work when 
drawing 83 lbs. at the rate of 10 miles an hour. 

Employing the quantities given in Table (1), we find 
similarly for strength at the 2^ and the 5 miles ; thus, 
5^2-5 = 2 for speed ; and 32120 -j- 18330 = 1-75 for 
work; and 2 x 1*75 =3*504 for weakness; so that, 
146 -i- 3*504 = 41*66 lbs. pulling strength of the horse 
at 5 miles, when its pulling strength at 2^ miles is 
146 lbs. 

87. We shaJJ now, without d\iec\i xeieteiifc^ \»^ \iss^^> 
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employ the gross load in tons, and the speed in miles, of 
Table (2), to get the duration of a day's work in relation 
to the 8 hours of the 8 mile speed. We thereby get the 
same results with fewer figures, than for Table (3). 

The load at 3 miles = 92 tons 

ij )) *^ >» -— - *^ I if 
„ „ 10 „ = 28-8 „ 

For the 6 miles, we get, 92 h- 67 = 1-614 times for 
power; and 5 -5- 8 := 1*66 times for speed; so that we 
have 1-614 x 1*66 = 2*679, by which we divide the 
standard 8 hours, and get 2*98 hours' duration of the day's 
work at the 5 mile speed. 

For the 10 miles, we get, 92 -r- 28*8 = 8-194 for 
power ; and 10 -;- 8 = 8-38 for speed. 

Multiplying these two quantities together, we get, 8*194 
X 8-88 = 10*686, by which we divide the 8 hours and 
get '15 hour, or 45 minutes. 

88. These results show that it is sufficiently near for 
approximate estimate in practice on the road, to say that 
the pulling strength of a horse is inversely as the square 
of the velocity ; so that, when we know the load, and 
speed, and distance, that compose the day's work for any 
particular horse, and wish it to move faster, the square of 
the number of times the lower speed is contained in 
the higher, gives a quantity by which to divide either 
the load, or the time, for the day's work at the higher 
speed. 
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89. The force of gravity, represented by the term **^," in 

W 
the equation — = M, which we used in paragraph 26 

if 

when determining the force of inertia, is emi^loyed only 
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where speed is uniformly accelerated or retarded, as in 
bodies falling or rising freely through space ; or, in rolling 
or sliding freely down incline planes ; or, increasing or 
slackening speed on level roads ; but it is not necessary 
where the power and speed are uniform, when we wish 
to know only the consumption of power during the uni- 
form action ; because, when the speed is established, the 
power has no other resistance opposed to it than that of 
friction. 

40. Should we, however, seek to ascertain the amount 
of force stored up in the body in motion, the force of 
gravity ^, is present in uniform velocities as well as in 
velocities that are still under accelerating impulse. 

Thus, if we suppose the force to be rendered sensible 
by a blow, in which the motion would be suddenly stopped, 
the effect is the same when the blow is made the instant 
the uniform rate of speed is reached as when that speed 
has been maintained an hour ; because, the force of the 
blow is simply equal to the force accumulated in the body 
by the succession of impulses that produce the accelerated 
motion of its rise from a state of rest to the speed at the 
moment of striking ; and, the moment the velocity becomes 
uniform, this succession of impulses terminates ; but their 
effect remains, and cannot be increased, without an in- 
crease of velocity ; and can be diminished only by a 
reduction of velocity. (Paragraph 56.) 

We have already explained the simple value of g, para- 
graph 26, so far as concerns Fig. 5; but fuller explana- 
tion is necessary to make the question of accumulated 
force clear. 

41. Let us take the first second of a fall from a state 
of rest. At the end of the second, the body is falling at 
the rate of 32^ feet per second, but, it has fallen a distance 
of only one-half this, or 16-iV feet. 

Into the next second it has carried the 32^ feet velocity^ 
and has acquired at the end of it a do\i\Ae "v^oc^V"^ o.!*^ ^ 
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82 J = 64 J feet per second ; and, carr3dng this latter velo- 
city into the third second, has acquired at the end of it a 
three-fold velocity of 8 x 82 J = 96 j per second; and, 
carrying this into the fourth second, has acquired at the 
end of it a velocity of 4 x 32|^ = 128 § feet per second, 
and so on ; increasing the velocity of descent hy 82^ feet 
per second. 

42. The distance fallen, however, for each successive 
second taken separately, is, for the first second, 16tV feet ; 
for the next, 16iV + 82 J = 48A- feet ; for the third 
second, 16 iV + 644 = SO^V feet ; and, for the fourth 
second, 16^^^+ 96^ = 112-iV feet; and so on. In each 
successive second, the distance additional to the velocity 
introduced from each preceding second is 16 iV feet; so 
that, at the end of the fourth second, the total distance 
fallen is, 16 A + 48iV + 80iV + 112-,V = 257 A- feet. 

To make the matter more clear, we will present it in 
simpler form, by means of spaced lines ; thus, — 
a b e 

~\ I I i 

1. rf 2. « 3. / 4. g 

d = distance fallen in 1 second. 

d + e = ,', ,, 2 ,, 

d+e+f = „ „ 8 „ 

d+e+f+g = „ „ 4 „ 

a = velocity carried from d into d e. 
b = ,, ,, ^ >> ^f» 

Each of the smaller spaces, as x, represents a distance 
of 16A feet. 

Spaces. Spaces. Feet. 

d = 1 = lxl6iV= 16A-feet. 

d + e = 1 + 8 = 4x „ = 64J^ „ 

d + 6+/... = 14-8 + 6 = 9x „ =144iV 

d + «+/+5'=l + 8 + S + 7=16x „ =257tV 



>> 

a 
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Spaces. 

a = velocity = 1 x 2 = 2 X 16xHr = 32* 
b = „ = 2 X 2 = 4 X „ = 64i 
c = „ = 3 X 2 = 6 X „ =96* 

• The 16-iV feet spaces lettered as, represent the successive 
distances that generate the 32^ feet velocity additional 
for each successive second; hence, the accumulative in- 
crease of the bracketed intervals a, b, and c by 2 x 16 iV 
E= 32 1-, for each second. 

To make the distances ob apparent, it is necessary to 
show them detached from the spaces covered by the in- 
troduced velocities, a, by and c ; but, it must be understood, 
that the force of gravity due to the fall a?, operates from 
the beginning to the end of the second of time that it 
belongs to, and is in nowise affected by being mixed up 
with the velocities generated in preceding seconds. 

43. When we square the times d, «, /, and g, we find 
ihat the square number just equals the number of times 
the 16iV feet distance is contained in the total distance 

/fallen ; thus, — 

Square 16t.V feot 

of time. spaces. 

= 1 = 1 

= 4 = 1 -f 3 

= 9 = 14-3+6 

= 16 = 1 + 3 + 5 + 7 

44. When we square the velocities a, b, and c, we get 
the same ratios, when the square of a is represented by 1 ; 
thus, — 

Seconds. Velocity. Batio. 

1 = a = 32F = 1024 = 1 

2 = i> = 64i« = 4096 = 4 

3 = c = 96f2 = 9216 = 9 

4 = = 128|« = 16884 = 16 

45. The ratios for time and velocity are the aocoA'^V^'s^ 
thus treated; but, as the square oi a 'w\io\ft Q^«D?to| >s^ 

c 
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4 times as great as the square of half that quantity, so is 
the square of the velocity 82^ feet, 4 times as much as the 
square of the 16tV feet fall required to generate that 
velocity ; hence, when we wish to ascertain the height of 
the fall required to impart a given velocity, we divide the 
Square of the velocity hy 4 X 16iV = 64 J, that is, by 2^ 
= 2 X 82^ = 64i. 

46. As already indicated, the total distance fallen from 
the state of rest is found quickly, by multiplying the 
16-iV feet fall of the first second by the square of the 
number of seconds that form the total time ; thus, T* x 
ig = Time" x 16, V = fall in feet. 

Seconds. Square. Feet. 

1* = 1 X 16iV = 16tV feet faU. 
2» ;= 4 X „ = 64A 
3^ = 9 X „ = 144 A 
4^ = 16 X „ = 257x^2 

47. And, when we know the velocity, and wish to 
ascertain the height from which a body must fall to ac- 
quire it, we square the velocity and divide by twice ^ ; 

V filocitv 
thus : — rt = fall in feet. 

Seconds. 32jL2 

1 2 X 82^ "^ ^^ feetaV fall. 

2 X 82^ - ^^'^^'' '' " 

96i ^ 

2 X 82i •" ^^^'' " '' 

128 1 
^ 2 X 821 = ^^"^"^^ " '' 

48. "When the terminal velocity is known, and the time 

required to give it is wanted, we divide the velocity by 

82i for 1 second, and thereby get the number of seconds ; 

862 
thus, for the velocity of 862 feet per second ; Qo.iga = 

10'94 BecondLB, 



\ 
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49. When the height of the fall is known, and we 
require to know the time, we divide the height in feet by 

16tV> aiid the square root of the quotient gives the number 

1 fin 

of seconds ; thus, for a fall of 160 feet : -rn-?^ = 9-96, 

lo'Uo 

which is the square of the number of seconds ; so that, 
\/9*95 = 3*15 seconds, time occupied in falling. 

50. The units of work accumulated in a falling body 
are ascertained by finding the height of fall required to 
impart the given velocity, and multiplying that height by 
the weight of the body ; because, the same force is ex- 
pended in rising to that height, as is acquired in falling 
from it. (Paragraph 54.) 

51. Thus, a rifie-baU, fired straight up into the air, has 
its velocity diminished at the same accelerated rate as it 
has it increased when falling freely ; because, the attrac- 
tion of the earth is a constant quantity, without regard to 
the direction of the motion; and acts equally in high 
velocities as in low. When the motion is from earth, it 
acts by abstracting from the upward impulse an amount 
per second equal to the additional impulse per second 
that it generates in motion towards earth ; so that, em- 
ploying the space -line figure, paragraph 42, the ball, 
starting to rise, say from g to d, with the velocity due to 
g, will cross the successive points, /, e, and d, at the same 
equal intervals of time as in falling ; and, on passing d, 
it will occupy the same time, viz., 1 second, in reaching 
a state of rest at the extremity of the 16iV feet beyond d, 
that it occupied in rising from g to /; and, further, on 
starting downward from this point of rest beyond d, it 
will re-pass the points d, e, /, and ^, in the same equal 
intervals of time it occupied in rising ; so that, the force 
expended in the rise can only be equal to the force ac- 
quired in the fall; but, the half or mean of the time 
occupied in the whole fall is at the "^j^omX. e, '^Xist^ 'Cafe 
velocity 18 as 2 to 4 for the velocity a\. g \ vxA HJaa ^^- 

o2 
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tance d -}- e ib as 1 to 4 for d '\' g, these ratios being 
constant expressions whether d, e, f, and g represent 
whole seconds or fractions of seconds. 

52. In starting from a state of rest, the velocity at the 
middle of the time occupied in falling can be no more 
than one-half the rate acquired at the end of the whole 
time ; thns, for 1 second it is 82 ; for 2 seconds 64 ; and 
for 4 seconds 128 feet. 

58. The distance fallen, however, by the body in this 
half time, is only one-fourth of the distance for the whole 
time : thns, for 1 second it is 16 ; for 2 seconds 64 ; and 
for 4 seconds 257 feet, roughly. 

As regards the velocity, the half rate is owing to the 
velocity increasing simply by regular additions of 82 feet 
per second ; so that one-half the time can contain only 
one-half the number of these additions. Whereas, as 
regards total distance fallen, the distance accumulates 
at the rate of 4 times for every doubling of the tim«, 
which is equivalent to one-fourth for half time. We 
therefore have here the mean-time distance as i to ^ for 
the mean-time velocity, and, as the work stored in the 
falling body is as the total height fallen, we employ 2 g 
when estimating the work by the velocity. 

In treating this one-fourth power in paragraph 45, the 
conditions were different, because we there squared the 
velocity, whereas here we are treating of simple additions 
and straight distances; but the 2 ^, in relation to the 
squared velocity, is a divisor equal to a power of 4, so 
that it gives the result here wanted, because the veloci- 
ties square in the same ratio as the seconds of time, and 
the 2 X 82 = 64, for the divisor of the feet velocity 
squared, is equivalent to the fourth of 64 ; that is, 16 feet 
fall for a multiplier of the units of time squared. 

54. In finding the consumption of power, when motion 
is uniform, we multiply the speed in feet per minute by 
the weight of the moving force in pounds, and thereby get 
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the nnmber of nnits of work per minute ; whereas, in 
finding the force that has been expended upon, and there- 
fore accumulated or stored up in the body, in raising the 
motion from a state of rest, to any given velocity, we 
multiply the square of the velocity in feet per second by 
the whole weight of the body, and divide by 2 ^ ; thus 

V* X W 

o = work units. 

Applying the formula to the carriageJoad of 2500 lbs., 
with a speed of 362 feet per minute, or 6*866 feet per 
second, we have the question thus expressed arithmeti- 
cally : 

6-866»x2500 ,„„„., ^ , , , ^ . 

— Q ^ Qoi — = 1337 units of work accumulated m 

the body on attaining the velocity of 6'866 feet per second ; 
and this store of work remains constant for that velocity. 
Or, as expressed in paragraph 60, the distance fallen to 
produce the 6*866 velocity is '6333 feet (paragraph 47), 
and 2500 lbs. X '5333 = 1337 units. 

65. Should the pulling power be reduced to a degree 
that would maintain a uniform motion of, say, only 4 feet 
per second, the body would have to discharge 715 units 
of this work stored up in it before it could assume the 
lower uniform speed of 4 feet per second ; and could 
discharge them only against the frictional resistance of 
the surfaces it moved in contact with. And, as friction 
is nearly a constant quantity per foot of motion, dependent 
upon the nature of the materials, the consumption of 
power in friction, in a given timey is so much greater at 
the higher speed than at the lower, that, when the power 
is suddenly reduced, the moving body has to supply the 
difference from the impulse stored up within itself, or else 
stop ; and, that it does supply it is evident, from reduction 
of speed being so far gradual, that, in the case of horse- 
draught, the carriage tends to run forward upon the liot%^^ 
when the horae alowa too abruptly, '^ex^ \J!Mrt^\ia vo^- 
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pulsive power stored up within the hody in motion, the 
motion would cease as abruptly as the pull. 

For higher velocities, the resistance of the air consumes 
a portion of the liberated impulse. 

4* X 2500 ^^^ .^ ^ 

-r: 5oT- = 622 units of work, 

2 X 82^ ' 

and 1887 — 622 = 716 units difference. 

66. Now, we must here observe that these amounts of 
work stored, represent quantity only, and not intensity. 
The motion that accumulated them may have occupied 
1 minute, or 1 hour ; so that, before we can properly esti- 
mate their practical values, as regards either the power 
expended in their accumulation or their effect in over- 
coming resistance opposed to their motion, we must 
ascertain the time occupied. 

The formula employed to find the force required to 
overcome inertia is here applicable. (Paragraph 28.) 

W V 

9 * 

67. We will assume that the motion of 6-866 feet per 
second is arrested in 1 second, and that it is arrested by 
running up against a strong spiral spring, which must be 
long enough to allow of closing to the extent of at least 
6-866 feet : then 

2600 6-866 ,^^^ ,^ . i.. .t. x 

QQ^ X - -. .Q = 456-9 lbs. weight, that would be 

registered in the compression of the spring. 

Were the stoppage more of the nature of a blow, so as 

to occupy, say -g^th of a second, we would get 

2500 5-866 ^^ ..^ .. . ^, . ,, 
^ X i\.r\\a = 2743.6 lbs. force that the spring would 

register, and this is just 60 times the force when the time 
allowed is 1 second. 

Supposing that the velocity were at the rate of 128 feet 
per second, due to a fall of 4 seconds' time ; and that the 
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time occupied in stopping were 1 second ; and that the 
spring consequently shortens its length by 128 feet. We 
have the velocity decreasing from the beginning till the 
end of the time allowed for stoppage, at a uniformly 
retarded rate, as in the case of the rifle -ball fired from g to 
df paragraph 51, and the 128 feet of spring might be 
marked with similarly proportioned intervals, g, /, e, and 
df to mark the distance : but, as the ball occupies 4 seconds 
in expending its free impulse, whereas, here, as against a 
spring, it is allowed only 1 second, we have J seconds 
taking the place of the whole seconds of free motion, so 
that, the times oi g f, f e, e d, and d r, would be only J 
the times for free motion ; and, as each successive ^ 
second of the 1 second stoppage destroys as much of 
the velocity as each successive second from g to d oi the 
4 seconds, we have the intensity of the resistance in the 
1 second stoppage 4 times as great as the intensity of 
the 4 seconds ; and this explains why the -^-^ih second 
stoppage gives 60 times the intensity of the 1 second 
stoppage. 

68. There is no body so void of elasticity, that, in a 
collision between two, the force could be communicated 
without a certain amount of compression of their surfaces 
in contact ; and the time occupied in effecting this com- 
pression would take the place of **£" in the equation. 
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69. The Laws relating to the motion of bodies on in- 
cline planes apply equally to rolling and to sliding motion ; 
but, as our present inquiry has reference mainly to the 
traction of rolling loads, our further observatiox^a Wt<b 
will appJj to rolling motion only. 
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When the road is on an inclined plane, the downward 
tendency, considered apart from friction, is found by 

dividing the total weight by the num- 
ber of times the rise is contained in 
the length of the slope. We will ex- 
plain this by means of Fig. 6, in 
which we exaggerate the dimensions 
for greater clearness. 
Pi Q ^ Let the rise a b equal 1 foot, and 

the slope a c equal 20 feet, and the 
load borne by the wheel w equal 2500 lbs., as in the case 
of Fig. 6, and let the horse be pulling up-hill. 

60. We have explained how the horse throws his weight 
forward in advance of his feet, in order to get the required 
pressure upon the collar. 

The load upon the wheel in Fig. 6 exerts its backward 
pressure in a similar manner, thus : From d, the centre 
of the wheel, draw a line rf / at right angles to the slope 
a c ; then draw a line from / to ^, parallel to a b, and a 
line from d to e parallel to b c. 

We have now the angle d e f equal to the angle a b Cy 
and the other two angles at d and / respectively equal to 
the angles a and c, in the order we here name them. The 
triangle d ^./ is by construction simply a small-sized 
duplicate of the triangle a 6 c, in which the side d e repre- 
sents the rise a b ; the side e f represents the horizontal 
line b c ; and the side df the slope a c. 

61. We see that the wheel is supported on the slope at 
the point /, and as the line a 6 is at right angles to the 
horizontal line b c, it follows that e /, which is parallel to 
a by is also at right angles to b c, so that e is plumb with 
the point of support /, consequently, when the length of 
the line d /, corresponding with a c of the slope, is made 
to represent the full weight of the load, the length of the 
line d e, corresponding with the rise a b, represents the 
proportion of the load which is exerting a backward pull, 
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beeanse the centre of gravity d of the whole load overhangs ^ 

/, the point of support, to the extent measured by the line 

^ ^ ; so that, when d e and a b are respectively as 1 to 

20 for df&nd a c, the load has been thrown out of balance 

to the extent of one- twentieth of its weight, and this is the 

2500 
measure of the backward pull, ~^^ = 125 lbs. 

62. The length of the line e /, corresponding with h c, 
gives the proportionate pressure of the load upon the 
surface of the slope. 

We can ascertain the vertical pressure when we know 
the length of the slope a c, and corresponding horizontal 
distance b c, by multiplying the total load by the hori- 
zontal distance b c, and dividing the product by the 
distance a c, or, when we know the angle a c b, mul- 
tiplying the load by the cosine b c, and dividing by 
the radius a c. Thus, for a gradient of 1 to 20, the 
angle a c b is about 2^ 52, the cosine 6 c of which is 
•9987, so that 

•9987 X 2500 

rTw^ = 2496*7 lbs., the vertical pressure of the 

load at /. To find the backward pull by the angle, we 
multiply the load by the sine of the angle, thus : -050 x 
2500 = 125 lbs. 

68. As regards the inclination of the traces by which 
the horse is . yoked to a carriage, we will suppose them 
attached to the centre of the wheel in Fig. 7, so that the 
radius of the wheel may represent the radius of our tabular 
values. 

Were the traces leading in the direction of the horizontal 
line a b, and the pulling force just very slightly more than 
equal to the resistance to motion of the wheel on a smooth 
surfiace, the pulling force would be represented by the 
horizontal radius a e, and the wheel resistance by the ver- 
tical radius a j ; but, supposing the traces -^^t^ t<^ \ftaAL \sv 
the direction a c, we would liave \J![ie \iofv2»oTi\a^ ^^^5^^^- 

o % 
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presented by the reduced length a /, which is the cosine 
of the angle e a h. 

The whole pulling force would be in amount the same 
as before, and would be represented by the radius a k ; 
but as its direction is upward, a certain portion is exerted 
in supporting the weight of the wheel, and that portion is 
represented by the versed sine e /, so that, supposing the 



Tfi' 




Fig. 7. 

angle e ah equal to 10*^, the versed sine of which is '01 61, 
and the cosine *98480, these decimal parts of the unit 
1*00 for the whole pulling force exerted, respectively re- 
present the horizontal and the vertical effects of that force 
in the line a c; bo that when added together, they just 
equal the radius for whole force a h or a e, thus : '0151 
+ -98480 = 1-00. 

64. Let the pulling force be equal to 100 lbs. This, 
when multiplied by the versed sine '01 61, gives 1*61 lbs. 
lost in the vertical direction. 

Were the angle equal to 30° d a by the versed sine of 

which is -ISSQ, the loss would be -1339 x 100 lbs. = 

13*39 lbs., represented hy g e; and were the angle 90° 

k a e, with the traces leading over the pulley I, the loss of 

J!?jve in the bonzont&l direction would be total, Viecwaa^ 
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the versed sine has here hecome equal to the radius a e, 
and the power is now altogether exerted in the vertical 
direction a k. 

65. The upward inclination of the traces is of service 
mainly on rough roads, where the wheels have to surmount 
hillocks and small stones. 

In explaining the service it here renders, we will still 
employ Fig. 7. 

Let n he a hillock, and let the angle e anhe 60°, the 
sine pn of which is '8660 ; and the cosine p a, '500 ; and 
let the weight of the wheel equal 500 lbs. 

Now as the weight of the wheel has its centre of gravity 
at a, it is clear that, when the point of resistance is at n, 
the leverage of the overhanging load is represented by p a, 
the cosine of the angle ; and it is equally clear that the 
leverage of the horse-power is represented by the sine p n 
when the pull is horizontal; that is, the horizontal force re- 
quired to carry the load at a, over n, is as pa top n. So 
that, as the load is 500 lbs., we make the question one of 
simple proportion ; thus, — 

p n : p a :: 500 : 

•866 : -50 : : 500 : 289 lbs., when the pull is in the 
direction a b. 

But, when the pull is in the direction a d, we have the 
angle e an -\- e ai=. 60° -f 30° = 90° ; and, as this is a 
right angle, we have the sine equal to the radius, so 
that the power is acting with the full leverage of the 
radius a n; hence, as the load at a has to be lifted, 
we have the resistance of the load acting sls p a or no, 
to a n; and, as the radius a n is represented by 1*0, we 
have 

a n : n :: 500 : 

I'O : '50 : : 500 : 250 lbs. force required to surmount 
the hillock. 

66. We assumed the pulling po^et \.o\>Qi w5S.^ Y^^^'^. 
for the smooth road. It has h:exe \.o '^Dft x«l^^^ X» «i^-^*'oa£L<s^ 
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this force, and the horse would require to exert this 250 lbs. 
pressure on the traces, were it starting the load from a 
state of rest ; but, as it would never be called upon under 
ordinary circumstances to start directly against so great an 
obstruction, we must consider the hillock as met with 
when in motion ; the momentum of the weight, greater or 
less according to the speed, would carry the wheel over : 
but, if the force of the momentum were just sufficient to 
overcome the resistance of the lift, the horse, when the 
wheel landed on the other side, would have to exert 
strength equal to what is required of it at a fresh 
start, because, the momentum being all expended in 
the lift, can only be restored by the exertions of the 
horse. 

The loss which we ascertained for the angle i a e, when 
the inclination of the traces alone was in question, does 
not operate in the case of the angle i a n when that angle 
is 90®, but were it, say, 100°, we would then find for the 
loss represented by the' versed sine of 10°, which is nearly 
equal to the loss represented hy f e of the angle h a e 
already explained. 

67. On a railway, the pull ought to be horizontal, 
because the way is smooth ; but the point of attachment 
to the collar of the horse ought, for the state of rest, to be 
higher than the point of attachment to the waggon, so 
that, when the horse throws its weight forward in the act 
of pulling, the pulling line will not sink below the hori- 
zontal direction. 

If it does sink below it, there is a loss of horizontal 
force equal to the value of the versed sine, and the amount 
lost has been transferred to the weight of the waggon, so 
as to make the haulage heavier by the fractional addition, 
in the same way as the weight upon the road or rail is 
lightened when the inclination is upward. 

68. In the case of the hillock, the greater the diameter 
dxf the wheel, the less is the angle o a n, or ^hat is in 
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result the same, the greater is the angle ean; and, as the 
lessening of the angle oan lessens the cosine pa or no, 
which represents the leverage of the load, and increases 
the leverage of the power ^ n or a o, we have the power 
working at a greater advantage. 



SECTION V. 

69. The amount of friction upon the axle of a wheel of 
great diameter is equal to that upon the axle of a small 
wheel when the load is the same, hut the horse overcomes 
it with less pressure in the case of the large wheel. 

The pressure of the load is home hy the under surface 
of the axle at i and t in 
Figs. 8 and 9, and the axle 
being fixed, it follows that 
the wheel revolves round it 
as a centre, so that, on roll- 
ing on the road from c to d, 
or from m to n, that part 
which is rubbing on the axle 
is moved from b to i, or from 
I to t. 

70. Now, the number of 
times which the distance b i 
is contained in the distance c d, or 1 1 m 
the distance m n, gives the ratio of the 
leverage of the power employed in giving 
motion. But, as one complete revolution 
of the rim of the wheel at c gives no more 
than one revolution round the axle b, and 
as the circumference of a circle bears a 
constant relation to the diameter, we e^ix ^\* orcLti.^ t^s;^^ 
the diameteiB to find the leverage, 8^^ ^^^ \!![^»X» H^^ S:i\&- 




Fig. 8. 




Fig. 9. 
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tional resistance at b is as much greater than the power re- 
quired at c to overcome it, as the diameter of the wheel is 
greater than the diameter of the axle ; hence, if the load and 
the diameter of the axle be alike in the two cases, but the 
diameter of the wheel in Fig. 8 be twice the diameter of 
the wheel in Fig. 9, it follows that, as the leverage in the 
latter case is only half of what it is in the former, twice 
the power will be required at m to overcome the friction 
at I that is required at c to overcome the friction at b. 

We will explain this principle more particularly when 
we come to speak of pulley motion. We may here remark, 
however, that we speak of the power being exerted at the 
points c and m, because the same force is expended in the 
wheel, when the cart moves on the stationary road, as 
would be expended were the cart to remain stationary and 
the road to move. In the latter case of course the power 
would pass into the wheel at the points c and m, 

71. We have already observed that in estimating horse- 
power, the pressure required is the measure of the power, 
no matter in what direction it is exerted, nor whether it 
be employed in lifting a suspended weight, or in over- 
coming frictional resistance, as in the wheel and axle of a 
carriage. 

There are some points of diiSerence, however, that re- 
quire to be noticed, as regards the resistance of a weight 
hanging free over a pulley, and of .a carriage-load on 
wheels. 

We will, for simpler illustration, speak of the carriage- 
load as being all borne on one wheel, there being no 
appreciable error in so doing, because axle friction is 
simply as the pressure of the load, so that in shifting the 
whole load on to one of the four wheels, we merely, for 
theoretical consideration, gather into one point the friction 
that before was borne at four points. 

We will assume that the wheel is running upon a smooth 
^ and level iron rail, as we thereby get rid oi «t\\ c^fc^tvoTi 
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about resistance from the surface of the road, and will 
assume, also, that the pull in both cases is horizontal, so 
as to leave out of account the question of the proper angle 
of the traces for producing maximum eflfect when obstruc- 
tions such as stones or hillocks have to be surmounted. 

72. In Fig. 10 we show a 4-wheeled carriage, as we 
are considering pulling force and friction simply. 




Pig. 10. 

In a common cart the horse has to bear the pressure of 
a portion of the load upon his back, which makes the case 
less simple, because, firstly, we have to ascertain how much 
he is thus bearing — a question of mere leverage, — so as to 
deduct it from the axle load ; and secondly, the effect of 
the burden as regards the firmer hold of the ground his 
feet are thereby enabled to' take — a question relating to 
increased weight of body, but as this increase is not na- 
tural, the strength of the limbs is taxed more than if it 
were. 

73. Let the load ao, in Fig. 10, equal 10,000 lbs., 
be contracted into the length a b, so as to bear on one 
wheel only, and assume, for the sake of comparison with 
the free load of Fig. 11, that the horse has to exert a 
pulling force of 150 lbs. 

Rolling friction, that is, the resistance to motion expe- 
rienced between the rim of the wheel and the rail it runs 
on, is not more than about i-^qq part of the load, which 
in this case would amount to 10 Iba. "BxslX, ^^ ^^^^ V»:^^ 
iihat out of consideration, as oiai mc^oirsf ^i^x^ ^q^% ^^"^ 
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concern the strength of the horse, and will deal with the 
friction at the axle only, and find the point in the eir- 




i A 




Kg. 11. 

cumference of the axle where the load is bearing most 
severely. 

74. Let the line a b, which we have, merely for con- 
venience, shown equal to the radius of the wheel, represent 
proportionately the 10,000 lbs. weight, and the horizontal 
distance b d the 150 lbs. pulling force ; then draw a line 
from d to a; this line will cut the circumference of the 
axle at the point of greatest friction. We may construct 

this diagram simply by dividing the line a b into -yi^r^ 

=: Q6'66 equal parts, and making d b equal to 1*0 of those 
parts. But we may also construct it by determining the 
angles thus : divide the pulling force by the whole load, 
the answer gives the proportionate length of line d b for 
the pulling force, when the line a b, which represents the 
load, is equal to 1. Thus 

...wwwv = -015, that is, the pulling force rf 6 is, in this 

1-00 
assumed case, equal to :7yr^ = -e\tloL part of the load. 

The line d b ib the tangent to the wheel circle ; a b being 
^e radius. 
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Beferring now to a table of natnral tangents, we find 
that '015 is the tangent to an angle of 0° 52' ; so that the 
angle ba dia only of this small amount, viz. 8 minutes, less 
than 1 degree. 

Transferring the angle bad to Fig. 12, which shows 
the wheel and axle enlarged, the point of greatest pres- 
sure on the axle is 
found to be at c ; 
and as the angle 
serves for both axle 
and wheel, and d b 
is here Veth of the 
radius ab, we find 
that the distance of 
c from e in the lat- 
ter figure is eVth 
of the radius a e 
of the axle ; so Kg. 12. 

that, if the radius of the axle be 1^ inches, we have 

1*5 

-7^ =: 0'02d inch, the distance of c from e, measuring 

horizontally. We show the angle wider than for 52 mi- 
nutes, so as to make the distance c e apparent. 

Were we to find for each axle separately with its fourth 
part of the total load, we would get the same angle as we 
have here found, because we would have to give to each 
fourth part of the load only a fourth part of the pulling 
force. 

75. The horse moves at a different rate, but the 
work done is the same when the rope passes round 
the wheel to the horse along the line b d, Fig. 10, 
as when attached to the fixed axle a, the horizontal 
lead being preserved ; because, as the wheel revolves 
round the axle a as a centre, a acts as a fulcrum at 
the middle of the lever x b, the length of -^bissteL \s^ 
the diameter of the wheel, so that t\ie ^o^ct %X >> ^oas^ 
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no advantage over the resistance at x, and might as well 
be applied at the centre a, where there is no leverage. 
The resistance at x is the grip of the wheel upon the road, 
preventing sliding motion, and allowing the wheel to move 
by rolling only. 

76. In estimating the frictional resistance in Fig. 10, 
the weight of the wheels is not included in the 10,000 lbs. 
load, because it is borne by and simply rolls upon the 
road, whereas the pressure of the carried load acts by 
rubbing upon the axle in just the same way as if a load of 
that weight with a metal sole were dragged along a smooth 
metal -plate greased. 

In Fig. 11, however, the weight of the pulley has to 
be taken into account, because this weight acts here pre- 
cisely in the same way as the carried load in Fig. 10, 
being wholly borne by the axle a. 

We assume the pulling force required to raise the load 
w to be 150 Ibs.j and as part of this force is required to 
overcome the friction on the axle due to the weights of 
the pulley and the load, the load lifted cannot be equal to 
the pulling force. We will here ascertain how much less 
it is. 

Let the weight of the pulley be equal to the load, which 
is 150 lbs. The amount of friction upon axles in motion, 
when oiled in the ordinary manner, is '07 of the pressure, 
equal to fully i^th, so that 150 + 150 == 800 x '07 
= 21 lbs, weight of friction on the axle. 

77. The horse, however, has the advantage of the 
leverage, explained with reference to Figs. 8 and 9 ; so 
that, making the radius of the pulley 18 inches, and of 
the axle 1 inch, we have the pulling force in Fig. 18 
exerted at the outer end 6, of a lever a 6, which is 18 times 
as long as the lever a c, at the outer end of which is the 
frictional resistance. 

With the axle fixed, the friction due to the pressure of 
the load is not taking effect at c, but at i. This, how- 
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ever, does not afifect the question of leverage, as it does 
not matter whether the short arm ac he douhled hack 
npon the long arm 
a b, so as to lie in 
the line ad, or stand 
out as a ^ or af. 

The leverage be- 
ing as 18 to 1, we 
divide the axle fric- 
tion by 18, to find 
the power required 
by the horse to over- 
come it. Thus, 
21 
18 



= 1*15 lbs. pres- 




sure at by required to equal 21 lbs. frictional resistance at 
c or d, Fig. 13; so that 150 - 1-5 = 1485 lbs., the 
weight of the load that can be just balanced by the 
150 lbs. pulling force. 

78. We require to increase the pulling force or decrease 
the load a very little before motion will begin ; thus, if 
we make the load J lb. less, the horse will have an excess 
of power equal to i lb., which will more than enable it 
to move the load at the uniform pace given in Tredgold's 
Table (1) for a pulling strain of 150 lbs. ; in fact, it would 
act as a slowly- accelerating force ; as much slower than a 
free fall through space as the whole weight in motion is 
greater than i lb. (Paragraph 88.) 

79. We now treat the power and the load as be- 
fore to find the centre of friction on the surface of the 
axle, 150 -f 148*5 = 298* 61bs. weight exerting vertical 
pressure, and 150 lbs. pulling force divided by 298*5 lbs. 
gives -502 as the proportionate length of b d, Fig. 11, 
when the load line a 6 is equal to 1. 

Let us transfer these lines to Fig. 12, makixi% ^K 
represent bd, and ga represent al), oi'E\%. W. '^'SX^^t^^ 
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for the reasons already given in reference to the carriage 
forces illustrated by Fig. 12, this fraction '502 of the 
radius of the axle, which is 2 inches in diameter, or 1 inch 
radius, will place the centre of friction on the axle at the 
point t, which is i inch from the line g a, measured 
horizontally, and gh = *502 being the tangent to a circle 
of which ga is the radius, we find, on reference to the 
Table of Natural Tangents, that A a is sloped at an angle 
of 27°, nearly, to the vertical line of g a. Any strut, there- 
fore, set up to resist the pressure on the pulley-framing, 
ought to lie at this angle ; that is, in the direction of the 
line a Zy Figs. 11 and 12. 



SECTION VI. 

80. In Fig. 14, two men of equal weight are shown 
suspended by a rope from opposite sides of a pulley. 

As they are of equal weight, 
they will remain simply ba- 
lanced, like the corresponding 
weights which we show be- 
neath them balanced at the 
opposite ends of the lever a b, 
the length of which is equal 
to the diameter of the pulley, 
and the lulcrum « is in the 
middle, to correspond with /, 
the centre of the pulley. 

Let the weight of each man 
be 140 lbs., the rope has no 
more than this weight to bear, 
but the pulley/, and the ful- 
crum e, have 140 + 140 = 280 lbs. load to support. 
The same strain results to the rope — that is 140 lbs.. 




9^9 

a. ■^' 6 



e 
Fig. 14. 
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— ^whether it be tied to the pulley at the points d and 
c or passes round to be supported by tiie balancing 
weight of the other side. 

81. In t'ig, 15 let the diameter of the pulley b be 
4 feet, and of the pulley a, 1 foot, and the weight of the 
man and his seat 140 lbs. We wish to 
know the weight at b that will balance 
his weight at a. 

The diameter of the pulley b, being 
as 4 to 1 of the pulley a, we simply 
divide the weight of the man by 4 and 

get — — = 85 lbs. weight of the coun- 



{ ®\J 



^ 




9 P 



Fig. 16. 



terbalance d. 

The lever beneath, resting on the ful- 
crum g, represents the leverage of the 
two pulleys, gf being equal to c a and 
g e to cbj the weight/ equal to the man 
and seat, and the weight e equal to the 
counterbalance d. 

The strain upon the rope is in this case also simply as 
the weight suspended to it, but the load upon the pulley 
is only 140 + 35 = 175 lbs. 

82. In the case of Fig. 14, were motion given to the 
bodies, they would both move at the same rate, because 
the arms e a and e b of the lever on which they move are 
.equal ; but the leverage in Fig. 15 being as A ioi ge to 
1 for gf for every foot / is made to move, e will move 
4 feet, and yet the number of units of work done in 
moving e is just the same as in moving/, because 85 lbs. 
raised 4 feet, is equal to 85 x 4 = 140 units, and 140 lbs. 
raised 1 foot is also 140 units. 

88. Fig. 16 shows a man in a seat d, attached to one 
end of a rope which passes over the pulley c b. 

We will suppose he is seeking to balance his own 
weight by pulling on the free part oi ^<a xo^ c e. 
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The weight of himself and the seat is 140 lbs ; when 
he allows the rope e to slip freely through his hands, 
there will be a pressure at 6 of 1 tO lbs. 

To get a balance of pressure at c and fc, he requires to 
apply with his hands at e pulling force equal 
to 70 lbs. : that is, he has to support half the 
weight of himself and the seat, by simply 
clinging by his hands at e, so that the effect 
will be the same as if he were to tie the end 
near e to the seat he sits on, in which case 
the parts c e and h d would be bearing equally. 
Suppose his hands are unable to support 
more at e than, say 35 lbs., there will then be 
a pressure at c of 36 lbs., and at b of 105 lbs., 
so that the seat, with its weight, would de- 
y A-y scend with the same force as if it were a 
Fig. le. weight of 70 lbs. allowed to run down freely 
(we here neglect the inertia of the balanced load, para- 
graph 78) ; because, assuming that the 35 lbs. friction of 
the hands at e be maintained during the descent, this 
amount of friction can balance only 35 of the 105 lbs. at 
b ; so that 105, minus 35, equals 70, the descent of 
which there is no friction or force to oppose. 

The action of the forces here as regards motion is 
simply as shown by the weighted lever fg, with the 
fulcrum h midway ; and, as regards power, the counter- 
balance/for the last-named case will be as 35 to 105 for ^r. 

"When the weight is balanced equally 
between the two sides c and b of the pul- 
ley, / and g will be each 70 lbs. ; and 
when the hands are letting the rope c e 
run free,/ will be as to 140 for g, 

84. In Fig. 17, we have a pulley slung 
by means of a cord b c passing round un- 
^' ^* demeath it, and secured to the two 

hooks d and e overhead. 
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The opposite ends of the cord are each hearing one-half 
the weight of the pulley and the load a, 

85. Fig. 18 shows one end only of the cord hooked 
to the roof ; the other end passes over a second pulley, 
which takes the place of the second 
hook, and works on the lower end of a 
fixed arm, e. 

Let the weight of the slung pulley 
and its load a he 140 Ihs. To halance 
this, there is required only a load of 
70 Ihs. at g, hecause the lines h and c 
are halving the load a hetween them, 
so that they are each hearing 70 lbs.; Oy 
and the leverage of the upper pulley e Eig. i& 

being balanced, the line / requires weight simply equal 
to that which is sustained by h. 

But, while the hook d has to support no more than 
70 lbs., the upper pulley e has a load of 140 lbs. 

The weight g is only one-half the weight of a ; but 
for every foot that a is raised, g has to descend two feet, 
because the pulley a, in rising 1 foot, shortens each of 
the lines c d and he 1 foot, or two feet shared between 
them ; consequently, as c «{ and h e can be shortened only 
by this much of their united length being drawn over 
the pulley e, the weight g must descend at a rate to 
correspond. 

There is no motion given to the line between c and d ; 
the pulley a running up or down upon this line as it would 
upon a bar ; but the lines h e and fg move at equal rate ; 
that is, 2 feet for every single foot that the load a rises or 
falls ; because he, in addition to its own 1 foot, receives 
for transmission to the line fg, the 1 foot from the line 
dc. 

The work done respectively by g and a in motion is, — 
for a, 140 lbs. x 1 foot = 140 units ; and for q^ 10 l\s%. 
X 2 feet =140 units. 
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86. We must bear in mind, however, that the weights 
we have employed in these figures effect no more than a 
balance of power. 

When motion is wanted, additional weight must be 
given to the side that is required to descend, and by the 
amount of this addition will the speed of the motion be 
ruled, because any addition to the weight is equivalent 
simply to an increase of power. 

In the first place, as much must be added as will over- 
come the friction of the pulley-spindles in their bearings, 
and a little more to balance the resistance that the rope 
opposes to bending round the pulley. 

87. As we have already explained, (Fig. 13), the 
smaller the diameter of the spindle or axle, for a given 
diameter of pulley, the smaller the force required in the 
cord on the wheel-rim to overcome the friction on the 
spindle. 

88. A very small addition may be sufficient to give 
motion, if the pulleys be not very small, with big axles ; 
so that, this being understood, it is sufficiently near the 
mark to employ the balancing weights only. 

When the power is sensibly in excess of the resistance, 
we get accelerated speed ; that is, speed which is becoming 
faster and faster, as in the case of falling bodies. 

It is clear that the speed must thus increase progress- 
ively, because, as in the case of the 70 lbs. unbalanced 
weight of the man assumed in reference to Fig. 16, 
paragraph 83, there is nothing to counteract the excess of 
power we here speak of ; so that it will act with increasing 
momentum, as if it proceeded from a body falling through 
space ; but, as observed in paragraph 78, the velocity 
will be as much less than the natural rate of motion for 
bodies falling freely through space, as the weight of the 
whole power and resistance in motion is greater than the 
excess weight of the power. 

The force of gravity in the resistance — that is, in the 
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rising weight — ^is neutralised by the equal force of that 
portion of the power which balances it in the descending 
weight ; so that the force of gravity available for motion 
*can belong only to the excess of weight in the descending 
side ; that is, to the excess of power. 

And, as the inertia of the whole weight has to be over- 
come by the force of gravity acting in this small excess 
weight, it follows that this small portion of the whole has 
as many times more work to do than it would have were 
it detached and free to fall away by itself, as its weight 
is contained in the weight of the whole. 

The inertia of the load opposes resistance to motion 
only while the motion is starting or increasing. 

When the rate of motion becomes uniform, the force 
accumulated in the body remains vdthin it, balancing the 
resistance of the inertia which it has overcome ; so that, 
as observed in paragraph 89, the resistance of friction is 
all that remains for the power to deal with. 

Supposing that 1 lb. of additional weight to the side d 
of Fig. 14 would just balance the spindle friction, but 
that we were to increase the weight of d by 2 lbs., so as 
to give motion, we could only count on those 2 lbs. as 
doing work, because the work done by the raising of the 
140 lbs. balancing-load on the side c is neutralised by the 
lowering of the 140 lbs. on the side d ; but the accelerated 
speed would be due to 1 lb. only, because the other pound 
weight is expended solely in overcoming friction, as 
explained in reference to Fig. 13. 

A weight in the act of descending freely, is power in 
motion ; but, practically, it does no work until it meets 
with resistance at the end of its descent. The force, how- 
ever, generated in accumulative manner by the uniformly- 
accelerated motion may be termed work in latent form, 
to be expressed in sensible form on meeting with resist- 
ance. 

In estimating the work done in ta\Bin^^ft\i^^»>^^''^^ 
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UBoal to mnltiply the weight rftised by its speed; becaoBe, 
while it may be easy to ascertain the weight rmsed, it is 
often difficult to weigh the power. 

Were the power weighed, however, and multiplied by 
its uniform speed, it would be found very slightly more 
than oc[ual in work units to the load lifted, added to the 
friction, the alight exceaa being employed merely to give 
motion. 

89. Fig. 19 represents a double set of pulleys, such 
as are employed in tackle -blocks. 

We spread them out to make the explanation simpler 
than if each set was shown 
in close order in the block. 
This arrangement, however, 
obliges ns to show the £xed 
end of the rope attached to 
a distinct hook j, instead of 
to the upper block ; but this 
makes no difference as regards 
the power required at k i 
though, were we seeking to 
know the stress on the hook 
t, it would reduce it by one- 
mth, 

90. Let the load a be 140 lbs., inclusive of the weight 
of the lower block and its three pulleys. 

We require to find the weight of k to balance this 
load, and will leave friction for the moment out of con- 
eideration. 

As we found in the case of Figs. 17 and 18, that the 
rope which sappoits the slung pulley a has the load 
shared equaUy by the two lines b and c, we here find 
that it cannot be otherwise than shared equally by the 
six lines 6, c, d, e,f, and g ; so that -— — 28'SS lbs. is 
ili& ebare of &e 'whole load to each line ; and, as the 
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leverage of the upper pulley that supports the line g and h 
is balanced, it follows that g will be balanced by a tension 
equal to its own in the line h; consequently, 23'331bs. 
weight at k will balance 140 lbs. at a, 

91. When the lower pulleys with the load a rise 1 foot, 
each of those pulleys, as before explained in connection 
with Fig. 18, paragraph 85, shortens each of the side 
lines it is slung by to the extent of the rise 1 foot, which 
is equal to 2 feet of rope per foot of rise ; and as there 
are 8 pulleys 3x2 = 6 feet which the weight k will 
descend in raising the load a 1 foot, so that, as the power 
required at k is equal to Jth of the load, the speed must 
be increased 6 times to make the work done by k equal to 
the work required by a : thus, 23-33 X 6 = 140 units of 
work done by k, equal to 140 X 1 = 140 units required 
by a. 

The upper pulley I revolves at the rate of 2 feet in the 
time occupied in raising a 1 foot ; whereas the pulley m 
revolves at the rate of 4 feet in the same time, and the 
pulley n 6 feet, which is the same rate as found in the 
line h k. 

This acceleration of speed in the successive stages is 
owing simply to the first pulley adding the rope it passes 
to the similar length taken up in the rise of 1 foot by the 
pulley next in the series. 

92. In tackle-blocks, the pulleys being, for convenient 
handling, small in diameter, and the spindles, for strength, 
comparatively big, the ratio of the leverage between pulley 
and spindle is low, so that, to overcome the friction on 
the spindles produced by the weight of all the pulleys, 
plus the load a, and the power k, more power is required 
here at k than when the ratio of pulley to spindle is higher, 
as in the case of Fig. 13. 

Besides, as the rope in Fig. 19 has to bend round 6 
small pulleys, the power has to be additioii«Abj Yciax^a^'efc^ 
to overcome the resistance opposed to shax^ "Viea^va^- 
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93. When the rope is stiff and strong, the loss by bend- 
ing is considerable, and is not a constant quantity for a 
given rope on a given diameter of pulley, but varies with 
the tension. 

In Section 13 will be found a Bule for estimating the 
bending resistance of hemp ropes. 

The means employed for the determination of the Bule 
differ from the simple case of suspension of Fig. 14, 
the cords in the experiments taking one complete turn 
round the pulley in place of one half-turn ; but, as the 
resistance in the second half-turn is only a duplicate of 
the resistance in the first half, and as the full value of the 
resistance on a given diameter is determined by a bend 
from the horizontal to the vertical direction on an arc of 
90°, the bend in the supplementary arc of 90° (completing 
the arc of 180°) acts as a mere counterpoise to the first, so 
that we employ the Rule of paragraph 203 to determine 
the resistance in the case of Fig. 19, and multiply by 6, 
the number of bends in that figure. See paragraph 219. 

In ordinary practice, the power k would have to be 
increased by at least one-half, to cover these losses. 

94. In Fig. 20 we have the Chinese windlass, formed 
of a cylinder a h, of unequal diameter, keyed on to a 
spindle e /, worked by a crank-handle g, and supporting 
the load by means of a pulley slung in the bight or bend 
of the rope, which is shown to lead from the near face of 
the part 6, to pass round underneath the pulley, and to 
lead on the back face of the part a. 

By means of it a man-power at the handle g may lift 
great weights, but, in proportion to the greatness of the 
load raised, is the motion given to the load small ; because 
the power is derived, firstly, from the difference in diameter 
between the parts of the cylinder a and h ; secondly, as 
regards axle resistance, from the difference between these 
diameters and the diameter of the spindle ; and thirdly, as 
re^'ards band-power, from the diffexeiice between, the mean 
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diameter of a and 6, and the diameter of the circle g h 
made by the crank-handle g in motion. 

We will assume these diameters to be as follows : — 
ef=.l inch, a = 6 inches, centre to centre of rope, 6 = 8 
inches, p A = 30 inches ; or, as we will require to find the 
units of work done, we will give these dimensions in deci- 
mal parts of a foot. Thus, «/= *083 foot, a= '6 foot, 
b =: '66 foot, and g = 2*5 feet. 

In raising the load, the rope is wound off the smaller 
diameter a, on to the greater diameter h, by the motion 
given to the handle g. The circumference of a is 18*84 




Fig. 20. 

inches, and of h 25*13 inches ; consequently, in every 

revolution, h requires 6*29 inches more rope than a is 

turning off, and for the reason given concerning Fig. 18, 

paragraph 85, the rise of the load can be only one-half 

3*145 
this length, or 3*145 inches, which is equal to —to~ = 

•262 foot. 
Let the Joad d be 140 lbs. Mveighl, md^^m^ "^^ ^«v^q^» 
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of the pulley c. Then 140 x '262 = 86-68 units of work 

done per revolution of the cylinder, and as the handle g by 

which the power is applied, moves round with the cylinder, 

we find the circumference in feet of the circle g h ; then 

find the number of times the rise of the load is contained 

in this, and divide the load by this number. The result 

is the weight of the power required at g, when the spindle 

friction is disregarded. 

The circumference of ^ A is 2-6 x 3-1416 = 7'85 feet, 

7-85 
so that Toao = ^^ times the rise of the load is contained 

140 
in the circle g h ; and -^ = 4-66 lbs. power required at g 

to balance the load d. 

95. The load d, 140 lbs., being here merely balanced 
by the 4-66 lbs. in the circle g k, it follows that (neglect- 
ing friction) as a very small addition to the weight of the 
power at g h serves to overcome the inertia of the load d, 
plus the weight g h, the inertia is equally overcome when 
the small addition is transferred to the load d, and, as the 
load can perform no more work in descending '262 foot 
than is require4 to raise it that distance, the power ex- 
pended in giving motion is the same, whether we have 
the resistance at d or td g h; because, the larger circle 
g h being completed in the same time as the smaller circles 
of b a, we have what is wanting in weight at g h, com- 
pensated by the greater velocity ; so that, when we multi- 
ply the circumference oi g hhy the 4-66 lbs. resistance, 
we get the same as found for d, thus, 

7-85 feet x 4-66 lbs. = 36*68 units of work performed 
in the circle g h. 

We before observed that it does not matter in what 
direction the power is acting ; that is, whether vertically 
or horizontally ; or, whether it be exerted in j)ure lifting, 
as in Fig. 11, or in overcoming combined sliding and 
rolling fnction, as in Fig. 10. 
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The smaller power, therefore, at g, moving in a circular 
path, is of equal eflfect to the greater power d descending 
vertically, excluding friction. (Paragraph 97.) 

When the pressure exerted on g is the motive power^ 
it simply overcomes the resistance opposed to it by the 
load d. 

When the pressure is applied by the hand, that hand 
moves in the circular path, but we would get the same 
effect by hanging a weight equal to that pressure, over a 
pulley of the same diameter as the circle that the handle 
g makes, in which case, this weight, acting as the power, 
would descend vertically, while the load d would rise 
vertically. 

96. There are some points of difference, however, be- 
tween the hand and the descending weight, which we will 
here mention. They concern the pressure on the axle. 

In estimating the friction, we must find for the weight 
of the load d, and pulley c, the cylinder a k with spindle 
and crank-handle, and exclude the weight of the hand 
pressure. 

We include the whole weight of the power A:, in the 
case of Fig. 19, because the pull is constantly down- 
ward ; but here, in Fig. 20, the power at work upon 
the crank may be considered as pressing downward during 
half the revolution, and drawing upward during the other 
half. When drawing upward, it is of course lightening 
the pressure of the spindle upon its bearings, so that the 
downward pressure is balanced or neutralised in the course 
of one revolution, by the upward relief. 

Let us call the total load 200 lbs., we have already 
stated that the friction of motion on wheel axles is equal 
to '07 of the weight. This is termed the " coefficient " of 
axle friction. We shall employ it frequently. 

200 lbs. X '07 = 14 lbs. frictional resistance to be 
overcome. 

The diameter of the circle tTae i^o'weT xclon^^ \s5l\^ *^^ 
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inches,. and of the spindle 1 inch, consequently the leverage 

is 80 to 1 in favour of the power, so that we divide the 

14 
frictional resistance by 30, and get ^ = -46 lb. at g, the 

required force to overcome 14 lbs. on the circumference 
of the spindle ef. We therefore add this to the balancing 
power, 4*66 + '46 = 6*12 lbs., required at g to balance 
the load d and the spindle friction. 

Now, if we leave out of account the resistance of the 
rope to bending, any small addition to 5*12 lbs. power at 
g will give rising motion to the load d. 

When the load d is made to act as the power, by slowly 
falling, the friction has to be overcome by a greater force 
at the end of a shorter lever. Thus, the diameter of the 
cylinder at a is only as 6 to 1 for the spindle, and the 
diameter at & as 8 to 1. 

When the load descends, the rope on the diameter b is 

running off, and on the diameter a it is winding on, but 

at rates differing according to the respective circumferences. 

97. The diameters b and a share the burden of the load 

d equally between them, but the half borne 

by b is at the end of a lever represented by 

the radius, 4 inches long, whereas a bears 

its half at the end of a 3-inch lever. 

When looking endwise at the cylinder, the 
centre of the load d is found not in vertical 
line with the centre of the cylinder, but to 
one side, as shown in Fig. 21 by the line 
c X, which is midway between a and 6, so that 
the leverage distances x b and x a are equal ; 
and the distance a b being only 7 inches, the 
leverage distance x b is only 3^^ inches. 

The load d is balanced on the line x c, but 
the leverage for axle friction has relation 
to the centre line e dj b.8 4: on the side & to 3 on the 
sJde a. 




Fig. 21. 
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Were a and h each of four inches diameter; 14 -f- 8 =;= 

1*76 lbs. on rim would balance axle resistance, but being 

as 3 to 4, with the load d halved between them, and with 

the work done by d equal to half the difference between 

70 X 3*5 
the 3 and 4 rate, we have n = 81-66 — 70 = 

11*66 lbs. free power at 6. 

Assuming all the parts of the 200 lbs. weight on axle 
to move at the same rate, we have 200 -j- 11*66 = 17*1 
times the downward motion of d is less than the motion 
of weight falling freely. (Paragraph 88.) 



SECTION VII. 

98. In Fig. 15 we have a weight of 35 lbs. on a 
diameter of 4 feet balanciug 140 lbs. on a diameter of 1 
foot. We will now see how much we can reduce the 
4 feet diameter when we apply the 35 lbs. power by 
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Figr. 22. 

means of a crank handle and small toothed pinion work- 
ing into a toothed wheel which takes the place of the 
4 feet pulley. 
Tjei the load pulley a, Fig. ^% \)e \ ioo\. ^^-o^^^^ftJt, ^^a. 
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in Fig. 16 ; let the pinion c be 7 inches diameter, and 
the length of the crank/ rf be 16 inches. 

The diameter of the wheel b we require to find. The 
radius of c being 8'6 inches, and the crank 16 inches, we 
have the leverage here in the ratio of 4*286 to 1. Con- 
sequently, a power of 36 lbs. at d will balance a resistance 
of 86 X 4-286 = 160 lbs. on the rim of c, and as this is 
greater than the load, we divide the load by it to get the 
diameter of the wheel 6, thus : 140 -j- 160 = -988 foot 
for by when the diameter of a is 1. 

99. Fig. 28 shows the action of the power operating 
by leverage. It shows also that the strain upon the teeth 



I 
21 




Fig. 23. 

of the pinion must be equal to the strain upon the teeth 
of the wheel. 

When we come to deal with axle friction, however, 
where two wheels are in gear, we will find that though 
the strain upon the teeth be equal, and the full strain be 
transmitted through the receiving teeth, the axles of b and 
c are not enduring equal pressure : thus, when the fulcra 
e and / of Fig. 28 represent the axles of the wheels 
b and c, we can readily see that, leaving the weight of 
/lie wheels or levers out of account, the Mcrvmi e has to 
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bear a pressure of 140 + 160 = 290 lbs., and the fulcrum 
/ a pressure of only 150 + 86 = 186 lbs. 

100. By reducing the diameter of the pinion c, and 
thereby giving the crank a higher ratio o'f leverage, the 
diameter of the wheel b may be still further reduced below 
the diameter of the load pulley a; but this reduction 
would bring more strain upon the teeth, because of the 
reduced leverage of the wheel b in relation to the greater 
leverage of the load pulley a. 

Supposing the crank d were equal only to the length of 
the radius of c, the power has no more advantage than if 
it were applied directly to the rim of the wheel b, because, 
being equal to the radius of the pinion, and the teeth of 
the pinion and the wheel being equally strained, it would 
encounter no more resistance in the circle of the teeth of 
b than it does in the circle of the teeth of c. 

101. In Fig. 24 we have the man-load weighing 




Fig. 24. 

140 lbs. ; the load pulley a and the toothed wheel h 
together on the same axle, are here each 12 inches, and 
the pinion c is 7 inches diameter, as in Fig. 22. But, 
in order to explain the use of a single intermediate pinion, 
we put a second toothed wheel e into gear with c, and 
suspend from its rim the weight d that is to act as the 
power. 

We require to find the weight oi d. 
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Now, as we have already shown that the teeth in the 
wheel and pinion b and c are equally strained, it is clear 
that the teeth of the wheel e, no matter what its diameter 
may be, can be bearing no more than that strain, and, as 
that strain here represents the load at a, it follows that 
the counterbalancing weight suspended from the equally- 
strained rim e, must be simply equal to the load, so that 
the power d weighs 140 lbs., and the pinion c is here 
serving merely to communicate motion from b to e, and 
make the direction of that motion the same in the two 
wheels, as indicated by the arrows. 

Were the pinion removed, and the wheels e and b brought 
into close gear, the motion given to e would be in the 
opposite direction to that of b, and the counterbalancing 
weight d would in that case require to be suspended from 
the opposite side of ^, that is, from the side nearest to b, 
but the weight of d would require to be 140 lbs. as before ; 
so that no advantage at all is gained as regards power by 
the use of the wheel and intermediate pinion e and c, 
because the weight d would serve the same purpose if 
suspended simply as in Fig. 14. 

102. We will now ascertain the advantage when the 

power is acting at the 
end of a train of toothed 
wheels and pinions, as in 
Fig. 25. 

We have shown by 
Fig. 24 that a single in- 
termediate pinion merely 
transmits power, in the 
same degree as it receives 
it, minus the friction. due 
to its own weight and the pressure, so that the circum- 
ference of c is enduring the same strain as the circumfer- 
ence of b in gear with it. 
In Fig, 25, however, when the pinion 6 receives the 




Fig. 25. 
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strain at the end of a short lever represented by the 
radius, and transmits it through the longer lever repre- 
sented by the radius of the wheel g to the next pinion c, 
and so on to the power e, it is clear that as the greater 
leverage of g enables a smaller weight to balance the load 
acting on the rim 6, a still smaller will suffice at h, and 
that a weight less than required at h will suffice at i. 

Let the wheels a, g, h, and i be each 12 inches in dia- 
meter, and the pinions 5, c, and d be each 4 inches in 
diameter, and the load /be 140 lbs. We require to find 
the weight of e. 

103. Now, as the diameters of each couple of wheel and 
pinion are in the ratio of 3 for the wheel to 1 for the 

pinion, thus "T" =^ 8, and as the strain on the rim of the 

pinion b is equal to the load /, when friction is not con- 
sidered, we begin at the point b to seek for the weight e ; 
and, as the gain in power for each pair of wheel and 
pinion is 3 times, we have the gain in g b repeated in h c, 
and again in i d, bo that, supposing the strain on b to 

. 27 

equal 27 lbs., the strain on c would equal -^= 9 lbs., 

3 

and the strain on t2 ^ == 8 lbs., and the strain at the rim i 

o 

would equal— = 1 lb., which would be the weight re- 
3 

quired for e ; but the load / is 140 lbs., therefore -— - = 

3 

46-66 lbs. for c, 1^ = 15-55 lbs. for d, and — *A^ = 

o 3 

6-18 lbs. for the rim t*. which is the weight of e to balance 
140 lbs. at/ when friction is neglected. 

When we wish simply to find the weight of e without 
reference to the strains in the intermediate gearing, we 
proceed thus, 3 X 3 x 3 = 27 times gain in leverage, so 

that y^ = 5-18 lbs. at e. 
27 
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We have here been working backwards from the load 
to the power, as we wished to find the latter. Were we 
to employ/ as the slow power, it would balance only the 
5*18 lbs. quick motion load at e, 

104. We are less liable to error in measuring the forces, 
when we employ the respective numbers of the teeth in 
the wheel and pinion of each pair, in place of using the 
diameters, or radii ; and we get the same result by multi- 
plying together the number of teeth in the train of pinions, 
and using the product as a divisor of the product of the 
teeth of the train of wheels multiplied together : thus, — 
supposing the pinions had each 20 teeth, and the wheels 
60, we get 20 x 20 x 20 = 8000, and 60 x 60 x 60 = 

216000, then qqqq = 27 times the pressure on the rim 

of i is contained in the pressure on the rim h ; and also, 
27 times the motion of the rim h is contained in the motion 
of the rim t. 

It is clear that, when the teeth are of the same size, the 
number contained in the circumference of a wheel 12 inches 
in diameter must be just three times as many as are con- 
tained in the circumference of a pinion 4 inches in diameter. 

106. It is equally clear, however, that the teeth of d 
need not be so strong as the teeth of h ; but, as the leverage 
is ruled by the diameter, the only advantage that would 
be got by making the teeth finer would consist of less axle 
friction, owing to the greater lightness of the wheels. 

106. In proportion to the power gained as we advance 
from the load pulley a, to the power weight ^, is the speed 
increased, because the rim g moves at 3 times the rate of 
the rim h ; consequently c is making 3 revolutions for 
every one of h, and d, at the end of the train, is making 
8x8 = 9 revolutions for 1 of 6, and, as the rim i is 
moving at 8 times the rate of the rim d, we have the power 
e on the rim i, moving 3 X 8 X 3 = 27 feet for every 1 
foot of the rim of the pinion b, and thexeioxft oi tha load /, 
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which is the same result as got when we employed the 
numbers of the teeth to find it. 

107. In estimating the friction upon the axles, we employ 
the dead weight of the gearing, the load/, and the power e, 
and add the pressure on the intermediate wheels, because 
that pressure acts in the manner of a burden upon the sup- 
porting axles. When acting upwards, however, against 
the dead weight of the wheel or lever, the axle pressure is 
relieved to an extent equal to the upward force, but of this 
we will speak presently. 

108. Fig. 26 shows the first wheel and pinion of 
Fig. 26, enlarged for greater clearness. 




\ 
\ 

I 
/ 



Fig. 26. 



The lever arm *r represents the leverage of the pinion 5, 
and * $ the leverage of the wheel g. As before explained, 
the strain at r is equal to the load/, so that the load pres- 
sure at r is 140 lbs., represented by the hanging weight 
w ; and, as we have already found that the pressure at s 
is equal to 46*66 lbs., we represent the -^or^ct T^ojcca^^Hsi 
balance that, hy the smaller lian^ng^ei^XiW^WQ^. «ass\r 
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larly on to the end of the train, where we have 5*18 lbs. 
at e. 

We will suppose the wheel and pinion g and ft, with 
their axle, to weigh 20 lbs. 

We shall presently see that this weight is borne by the 
wheels in gear with g 5, so that for this particular couple, 
the axle pressure at t is equal only to the pressure on the 
teeth, thus, 140 + 46*66 = 186-66 lbs., which will appear 
in our estimate when finding the total quantities for the 
whole train. 

109. The crossed arrows in Fig. 27 show the direction 
in which the power acts in lifting the load /. The dotted 




Kg. 27. 



arrows the direction of the resistance due to the load. 
The plain arrows m n o, the direction of motion when 
the load /is being raised. 

Now, it matters not as regards axle friction, whether 
we use the pressure of the load resistance indicated by the 
dotted arrows or the power force indicated by the crossed 
Arrows, because in all these estimates we are employing 



ORAPUATEP STRAINS. 



65 



power that just suffices to overcome the resistance. As 
we before explained, any power in excess of this would 
give constantly increasing or accelerated motion, which is 
not wanted. 

Neither does it matter as regards the total friction in 
the entire train of wheels whether the power at the ends 
of the levers be exerted in lifting or in pressing downward, 
because, though in downward pressure, to give motion to 
the wheel next in gear, the axle is relieved of a certain 
portion or of the whole weight of the wheels which are 
keyed upon it, this relief is at the expense of the axles 
next to and in gear with it, because, as the weight must 
be borne by something, it is supported by the teeth of the 
wheels on those next axles in the manner represented by 
the levers in Fig. 28. 

110. In Fig. 28 we show the 3 to 1 leverage of the 
wheels of Fig. 25. 
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Fig. 28. 

The load / is 140 lbs., the power e is 5-185 lbs., and 
the intermediate pressures on the teeth are, for h y, 
140 lbs., c u, 46-66 lbs., and d, 15*55 lbs. 

111. We represent the intermediate teeth pressures by 
spiral springs, which exert equal force on the ti^i^t ^\3Al 
lower lever ends, so that the axle oi t\i^-^\i^fe\\Jsi'8^.^^^':^'=^ 
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is subjected to the same pressure as the axle of the re^ 
ceiving wheel. 

112. We will now find the total friction in the entire 
train, and will give the necessary explanation afterwards. 
The levers ay,h c,u d, and e x, which are each taking 
the place of a wheel and pinion, we will assume to weigh 
20 lbs. each, so that 20 X 4 = 80 lbs. weight for the 4 
sets of levers, or of wheel and pinion. 

a + y = U0 +140 = 280-0 
b + c = UO + 46-66 = 186-66 
u+ d == 46-66 + 15-65 =i 62-21 
e = 6-18 = 5-18 



634-06 lbs. pressure. 

To this we now add the 80 lbs. weight of wheels and 
pinions represented by the levers, and get 614 lbs. total 
pressure on the axles. From this, however, we must 
deduct the upward force of the pressure d from the com- 
bined weight of X e + e, because the difference alone is 
operating in friction upon the axle ar, as we shall presently 
explain ; so that 614-05 - 16-56 = 598-60 lbs. 

We now multiply this by the coefficient of friction for 
axles, viz., -07, and get the total frictional resistance 
acting on the circumference of the axles. Thus, 598-60 
X -07 = 41-89 lbs. 

118. To overcome this we have to make an addition to 
the 6*18 lbs. weight which is acting as the power at e, • 
and to find how much has to be added, we may assume, 
as the wheels and pinions are respectively of uniform 
diameter, that the friction is all borne by one of the axles, 
that is, by the axle of d i. Fig. 25, on the outer rim of 
which the power is applied. 

The strain on this wheel being comparatively light, we 
may make the axle proportionately small, say | inch 
diameter, or *76 inch expressed in decimals. 
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Now, as the wheel * is 12 inches diameter, we have its 

12*00 
leverage in the ratio of 16 to 1 for the axle, -^ = 16. 

We therefore divide 41-89 by 16, and get 2-618 lbs. re- 
quired to overcome the frictional resistance on the axles, 
so that 5-185 + 2*618 = 7*803 lbs. required at e to place 
all the forces in that condition of balance that any small 
additional weight at e would produce motion. 

We have here treated the intermediate pairs of wheel 
and pinion as if on axles of the same size as that of i ; 
that is, of J inch diameter. 

Were we to make them very different in diameter, we 
would have to find the ratio of leverage, and treat the 
friction of each axle separately. 

For a given diameter of wheel, the nearer the diameter 
of the axle approaches the dimensions of a point, the less 
is the resistance of the friction opposed to the power in 
motion. 

114. We will now find the weight which presses upon 
each axle separately. 

The pressures exerted by the wheel teeth are transmitted 
entire to the axles, because the receiving teeth contain the 
resistance which in our estimate just balances the power 
in the driving teeth ; and the stiffness of the wheels makes 
the pressure on the axles equal to the pressure between 
the teeth in contact. 

The fulcra points v, jo, z, and or, of Fig. 28, represent 
the axle centres of Fig. 25. 

The weight of the lever avy v& wholly borne by the 
fulcrum r. 

The arm p b oi the lever pbc, being as 1 only, to 8 for 
p c, three -fourths, equal 15 lbs. of the simple lever weight 
is borne by y, and therefore is added to the pressure on 
the fulcrum v, while one-fourth, equal 5 lbs., is borne by 
u, to be added to the other pressures upon the fulcTwscL %. 

115. The centre of gravity of fhe ^\iefe\ wi^ ^vkvw^Ns^ 
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in the centre of the axle, so that as the falcra points v, p, 

z, and Xf represent the axle centres, we mnst regard the 

weight of the levers as centred or balanced on these points. 

Hence, when the distance p b ia 2 inches, and the dis- 

tance p c ia Q inches, we have o = B times as much of 

the weight of the wheel and pinion borne by the support 
at b as we have at c. 

The only pressure upon the fulcrum p is upward from 
the resistance forces at h and c. The point of greatest 
pressure lies on the upper or the lower side of the axle 
circumference, according as we have shown the fulcra 
points up or down, with the exception of a?, as we will 
presently explain. 

The fulcrum z bears the pressure c, the whole weight of 
the lever u d, the pressure d, and one-fourth part of the 
weight of the lever 6 p c at c. 

Further, the weight e added to the weight of the lever 
e Xy less the difference between them and the pressure d ; 
thus, 5-186 + 20 = 25-185 — 16-65 = 9-63 lbs. remain 
as pressure upon the axle x. 

The 15-55 lbs. downward pressure here subtracted 
being balanced by the upward force at the end d of the 
lever u d appears only once when we put the whole into 
arithmetical form. 

On looking at the figure, it may appear as if the weight 
e ought to be included in the weight borne by the ful- 
crum Zj but it is right to treat it as if forming part of the 
weight of the levers a;; because the 15-55 lbs. pressure 
at d represents its leverage effect. 

Were we to add it to d, we would thereby be simply 
adding effect and cause together, and making them act, 
when thus joined, as effect greater than there was cause 
for. 

116. We may be able to show this more clearly by 
means of Fig. 29, in which the lever e a; is in action by 
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itself, and producing by the 5*185 lbs. weight at e, a 
pressure of 15*55 lbs. at the point d, represented by the 
spiral spring underneath. 

xe = the radius of the wheel, is 6 inches, 
and xd = the radius of the pinion, is 2 inches. 










G 



u 



Fig. 29. 

Let us assume the point of resistance d in the pinion 
teeth to be the fulcrum on which the lever x e may rock, 
with the whole 20 lbs. weight of the wheel and pinion in 
effect gathered in condensed form round the centre of 
gravity in the axle centre a?, and the 5*186 lbs. power- 
weight in similar condensed form at the other end of the 
lever. 

Now, 6^ 07 = 2 inches, and <2 « = 4 inches ; so that the 

4 
ratio of leverage is - = 2 for c? ^ to 1 for d x. 

We have to ascertain how much of the weight of x the 
weight e can balance ; the unbalanced quantity will be 
the weight left for the axle carriage at x to bear ; thus, 
07X1-^X2 = 20 xl — 5*186 X 2 = 9*68 lbs. un- 
balanced. 

And further, as regards the effect of this upon the ful- 
crum d^ which can sustain no more than a pressure of 
15*55 lbs., we make x the fulcrum, seeing that its gravity 
is more than the weight e can overcome ; and, as the 
leverage a? ^ is 3 times as much as the leverage x d, we 
have the pressure at d equal to 5*185 X 3 = 15*55 lbs. 

117. The weight of an actual lever such as e a? in 
Fig. 28 would operate in addition to the power e, so 
as to increase the pressure at d\ but we have here 
employed the lever merely to iepieseii\. ^k*^ x^Ac^'sW^'s^t^- 



70 POWER IN MOTION. 

age of the wheel and pinion ; and, as their weight is 
balanced on the axle which corresponds with the ful- 
crum Xf so that the centre of gravity is the centre of 
the axle, and therefore the fulcrum-point, we have no 
centre of gravity to find between e and x, as we would 
have in the case of an actual lever ; and, as the weight 
at X of the lever, or wheel and pinion e x, and the power 
e, are the only forces acting downward, against the 
only force d, acting upward — that is, 20 + 5*1 85 = 25*185 
— we simply find the difierence as before, 25*185 — 15*55 
= 9*63 lbs. downward pressure left unbalanced for the 
axle represented by the fulcrum x to support. 

In Fig. 28 we have shown the fulcrum x on the top 
side of the lever, whereas the unbalanced pressure is 
here found acting downward. 

Were the weight of the wheel and pinion, say only 5 lbs., 
so as to make, when added to e, 5 + 5*185 = 10*185, the 
fulcrum as placed in Fig. 28 would be right, because 
there would then be 15*55 — 10*185 = 5*365 lbs. unba- 
lanced pressure acting upward. 

118. But, were the weight of the wheel and pinion 
equal to 10*365 lbs., so as to make, when added to e, 
10*365 + 5*185 = 15*55, the force acting upward at d 
would be exactly equal to the combined forces acting 
downward, and there would be no pressure either upward 
or downward at x, where the weight of the wheel and 
pinion is centred. 

This difference between the action of the forces in the 
wheel and pinion represented by e x, and the action in 
the other levers of the series, is caused by the power e 
being applied on the same side of the axle as the resis- 
tance d. 

The lever ex h shown inverted, because the direction 
of motion when the 140 lbs. load is being raised, requires 
that the power be applied on the side of the wheel i, 
which is nearest the load/, as shown in Fig. 25. 



UNITS OF WORK, 71 

Were there four pair in place of only three pair of wheel 
and pinion, there would be no need to invert the first 
lever as ^ a; is, and the question of leverage and of burden 
on the axles would be simplified. 

119. We will now put into arithmetical form all these 
quantities that we have found for the axles separately : — 

ai-y + ay + pb=UO +140 +20 + 16 =315 

b + c =140 + 46-66 = 186-66 

u+d-\-ud+pc=: 46-66+ 15-55 + 20+ 5*0= 87-21 
a? = 9-63 



598-50 

lbs. total pressure upon the axles, same as before found 
for the whole train when treated generally. (Paragraph 112.) 

120. Now, as the work expended in raising the load /, 
Fig. 25, is simply 140 units for every foot of rise, when 
the friction of the axles is left out of account, we find 
that this is just equal to the work performed by the 
power e, when we multiply the weight of that power by 
its greater speed : thus, 5*185 X 27 times for speed, 
equals 140 units. 

We may express this in different ways without altering 
the value, though we would affect its direct application to 
the actual dimensions of the power and speed employed, 
because the different terms would represent equivalents only. 

Thus, we may say, 1 lb. pressure moved 140 feet, or 
5*185 lbs. pressure moved 27 feet, by the rim of the 
wheel i, in the same time as the load/ occupies in rising 
1 foot. 

The latter expression, to lie parallel with the former, 
simply requires us to suppose each lb. of the 5-185 lbs. 
moved separately to the extent of 27 feet, so as to make 
the total equal to 1 lb. raised to 5-185 times 27 feet, which 
is 140 feet. 

We have already explained, in reference to Fig. 25, 
how this 27 for speed is got. The le^et^^'b YCL^Sj^.^iSk 
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shows the reason in plain form ; as it is clear that, when 
the two arms of a lever — say p b and p c, of that figure, 
are in the ratio of 1 for p b to Sior p c, the motion at c 
must be 8 times as much as the motion at by and as we 
have the three levers, be, ud, and ex, all in the 8 to 1 
ratio, we get 8 x 8 x 8 = 27 for the motion of the weight 
e, for every 1 of the weight b or a. 

As the fulcrum v is in the middle of the lever a y, the 
ends y and a move at equal rate. 

When the weight e moves at the rate of 50 feet per 
minute, we find the units of work done by it thus, 6* 185 
lbs. X 50 feet = 259*25 units of work per minute, and 

we find the motion of the load a thus, ^— = 1*852 feet 

27 

per minute, and 140 lbs. X 1*852 = 259*25 units of 

work per minute, expended upon the load a in raising it 

1-852 feet. 

121. In this, for the sake of simplicity, we have ex- 
cluded the frictional resistance on the axles, as the force 
expended by the addition made to e in overcoming it does 
not reappear in the rising of the load a, but is, as it were, 
a loss between the power and the load. 

We found, however, in connection with Fig. 28, 
paragraph 118, that the frictional resistance with the 
weights used is equal to 41*89 lbs., and that an addition 
of 2*618 lbs. to the 5*185 lb. power e is required to over- 
come it ; so that, in estimating the work performed by 
the power in overcoming the gravity of the load a, and 
the frictional resistance on the axles when the motion of 
the power is at the rate of 50 feet per minute, we simply 
multiply the total weight e with its additions by the speed, 
thus, 5*185 + 2*618 = 7*808 lbs. weight of e, and 
7*808 X 50 feet =890*15 units of work per minute. 
We find the units of work expended in overcoming the 
friction, thus, 89015 - 259*25 = 180*90. 

122. As the ratio of friction to the load pressure is prao- 
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tically the same for all speeds, the 2-618 lbs. power for 
friction is constant for the given total weight and ratio 
of axle diameter ; whereas, the 6-186 lbs. force merely 
balances the load. 



SECTION Yin. 

123. The wheels in the train, Fig. 25, are made to 
make the same number of revolutions per minute as the 
pinions by means of ** keys," or long slips, of iron, which 
are imbedded in the axles to half their depth, the other 
half projecting above the surface of the axle, so as to be 
imbedded in the centre 
metal of the wheels and 
pinions, as shown in Fig. 30, 
where a is the wheel of 12 
inches, b the pinion of 4 
inches, and c the axle of 
f-inch diameter. We re- 
quire to know the pressure 
upon the key. 

Now, as regards friction, 
it does not matter whether Fig- 30. 

the axle be fixed and the wheel revolving round on it, or 
whether they be keyed together, save in this much, that 
when keyed together the small weight of the axle is in- 
creasing the friction. 

The question of keying, therefore, is mainly of con- 
sequence when the power is communicated to one of two 
wheels upon an axle to be transmitted through the other 
to a third wheel on another axle. 

124. Let the wheel and pinion a and b, Fig. 80^ 
represent the wheel and pinioii g «k.Ti^ \)^ ^i "^^^» '^ 

£1 




74 



POWER IN MOTION. 



We have, therefore, 140 lbs. pressure on the rim of b, 

and 46*66 lbs. on the rim of a, 

12 
Now, the ratio of leverage is — = 16 for a to 1 for c, 

'75 

4 
and —- = 5-83 for 6 to 1 for c, consequently, 140 x 5-33 

= 746 lbs. pressure on the key at the surface of the axle, 
from 140 lbs. force on the rim b when opposed by 
46*66 X 16 := 746 ibs. pressure at the same point from 
46*66 lbs. force at a. We have here to multiply the 
force on the rim by the ratio of leverage, because it is at 
the end of a lever which is longer than the lever of the 
resistance at the axle. 

125. Supposing the axle and the pinion b were made 

of one piece, and of the 
same diameter, that is, 4 
inches, the wheel a being 
12 inches, and the key 
placed as we here show it, 
on the rim of 6 in Fig. 81, 
we have the stress upon 
the key equal simply to the 
load c?, which is, say, 140 lbs. 
as before,'^ being 46*66 lbs. 
And, as the tendency here 
is for the wheel and pinion 
to run in opposite direc- 
tions, the key alone prevent- 
ing them from so doing, 

we must regard them as acting from their common centre 
a?, with the ratio of leverage 8 to 1 as in Fig. 28, so that 
we have 140 x 1 = 140 lbs. pressure on the key at the 
surface of the 4-inch axle from 140 lbs. load on rim of b. 
And 46*66 x 8 = 140 lbs. pressure at the same point 
from 46*66 lbs. force on the rim of a. 

126. The power e in this case has less leverage advan- 




Fig. 31. 
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tage in overcoming the frictional resistance on the axle 
than in the case of Fig. 28, in which the axle is so much 
smaller. Here we have the ratio as 1 to 3 only in place 
of 1 to 16. 

We will find the additional weight required here by e 
to balance the friction, and for convenience will use the 
same weight of wheel and pinion and axle as in Fig. 28, 
viz. 20 lbs. 

140 + 46-66 + 20 =- 206*66 lbs. weight pressing down- 
ward. This multiplied by -07 gives 14*46 lbs. friction on 
the surface of the axles, and 14*46 lbs. divided by 3 for 
leverage, gives 4*82 lbs. to be added to the power e, so 
that 46*66 + 4*82 =51*48 lbs. required at e to balance 
the load d and the frictional resistance on the axle. 

Any small addition either to the power e when thus 
increased, or to the load d, would give motion when d is 
first increased by the whole of axle friction. 

127. Sometimes a machine shaft is made with the 
journals, or parts which work in the bearing carriages, of 
.unequal diameter. 

Now, when the shaft is supported at the ends merely, 
the total amount of friction is equal in the journals when 
the load is equal, notwith- 
standing the inequality of 
the diameter, but the power 
overcomes the friction with 
greatest ease in the case of 
the smaller diameter, be- ' 
cause of the ratio of the 
leverage being higher. 

Let a in Fig. 32 be the 
centre of the shaft, the ra- 
dius a 6 of the smaller jour- Fig. 32. 
nal equals, say, 8 inches, the radius a c of the biggei 
journal equals 4 inches, and the radius ad of the power 
equals 12 inches. 

£ 2 
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Let the load on each of the two joamals eqnal 1,200 lbs., 
and the power at d equal 50 lbs. The greater radius a d 
is as 4 to 1 for a b, and as 8 to 1 for a c, so that as 1200 
X '07 = 84 lbs. frictional resistance on each of the jour- 
nals, we have simply to divide this by the respective ratios 
of leverage, to find what proportion of the power is ex- 
pended in overcoming this resistance in each journal ; thus, 

84 84 

-^ = 21 lbs. at d for b, and q- = 28 lbs. at diorc; we add 

these two quantities together, and get 21 + 28 = 49 lbs. 
power required at d, to balance the whole frictional resis- 
tance, which leaves only 1 lb. free to produce other work 
in motion. 

128. Fig. 33 represents the end of a shaft a, turning 
freely upon two anti-friction rollers b and c. Let the 




Fig. 33. 

diameter of a be 2 inches, and the load 200 lbs., the 
diameter of the bearing rollers b and c 12 inches, and the 
weight of each 10 lbs., and the diameter of the spindles d 
and e 1 inch. 

Were the shaft end a rubbing in the bushes of an ordinary 
carriage, the friction on its surface would be 200 X "07 = 
14 lbs. frictional resistance. We have now to find how 
much less it is when the pressure rolls upon the rims of 
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the bearing rollers b and Cy and does not appear in rubbing 
form until it reaches the axles d and e. 

We see that the load a, being borne equally by the two 
rollers, has its weight equally divided between them, so 

that -o- = 100 lbs. each, borne by b and c. 

This burden is actually increased by a certain amount of 
thrust, owing to the wedge form of the hollow in which a 
lies, but we will disregard it as small in quantity, unless 
the centres d and e are so far separated as to let a come 
low down. We will, therefore, simply add the weight of 
the rollers to this load, and find the power which is re- 
quired on the rim of the rollers to balance the friction on 
the axles d and e at the point of motion. • 

This power will be derived from a, and will represent 
the resistance opposed to its rolling motion on the rims of 
b and c. 100 -MO = 110 lbs. X 2 rollers = 220 lbs. X 
•07 = 15*40 lbs. friction on the axles d and e. 

The rollers being 12 inches in diameter, and the axles 
1 inch, the ratio of leverage is 12 for b and c, to 1 for d 
and e. 

We employ this ratio thus, -"To— = 1*28 lbs. frictional 

force required from a in rolling on the rims of b and c, to 
balance the frictional resistance due to the whole pressure 
on the axles d and e. 

129. But, it must be borne in mind that the saving here 
is in driving power alone, because the tear and wear due 
to rubbing friction is actually greater in d and e, in the 
proportion of 16'40 to 14, for a alone, in an ordinary 
carriage. 

This tear and wear, however, has been transferred to 
the end of the short arm of a lever, represented by the 
radius of the axles d and ^, whereas the power is at the 
ond of the long arm, represented by the radium <^i ^'^ 
rellers b and c. 



78 POWER IN MOTION. 

The 14 lbs. friction on the circumference of a, consti- 
tutes the driving power in action at the end of the long arm. 

The leverage is 12 to 1, so that 1 lb. at a can balance 
12 lbs. on the circumference of d or e, and, as we 
have found that the whole resistance at d and e is 
balanced by 1*28 lbs. at a, it follows that the employment 
of the anti-friction rollers has saved to the driving power 
at a 14-1-28 = 12-72 lbs. 

We shajl have occasion, by-and-by, to speak of wedge- 
grip in V-grooved pulleys ; our observations then will 
apply equally to the case of a here in the hollow between 
the two rollers ; and the angle which the sides form will 
be found by drawing the lines / g and h i, Fig. 83, 
through the points of contact between a and the rollers b 
and c, and at right angles respectively to lines drawn from 
the centres of d and e to the centre of a. 



SECTION IX. 

180. When power has to be transmitted from one point 
to another with precision, shafting and tooth gearing must 
be employed ; but, when particular precision is not re- 
quired, belts are often used. 

In the case of toothed gearing, the power is transmitted 
entire, and the strain upon the teeth is simply equal to 
the power required to overcome the resistances ; whereas, 
in the case of a belt, the tension must be greatly in excess 
of the driving^ power wanted. 

181. The ratio of the adhesion to the pressure is inde- 
pendent of the area of the surface of contact, so that with 
a given pressure, we get the same adhesive grip on a 
pulley of 12 inches diameter, as on one of 86 inches 
diameter, when the belt covers an arc of the circumference 
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containing the same number of degrees in the one as in 
the other. 

132. But, according as we increase or diminish this 
arc, we increase or diminish the compression of the pulley, 
and likewise the leverage of the power which is exerting 
the pressure, so that with a given counterbalanced pulling 
tension in the belt equal to 10*0 when the arc of contact 
is half the circumference equal to 180°, as in Fig. 14, 
we have the direct pressure on the pulley axle equal to 
10*0, and the leverage of the pull represented by the 
radius at right angles to the pull, equal to 10*0 likewise. 
Whereas, were the belt retaining the given tension to lie 
in the line x a;, Fig. 14, and merely touch the crown of 
the pulley, both pressure and leverage would be reduced 
to 0-0. 

Further, were the belt to embrace the whole circum- 
ference equal to 360°, we would have the leverage of the 
power squared, so as to be 10 X 10 = 100 ; or, what 
amounts to the same thing inversely, the square root of 
the ratio K (which we will determine presently, paragraph 
136, and which may be taken to represent the leverage of 
the tension), for the full arc of 360°, with a given tension, 
gives the value of the leverage for 180°, that is, the ratio 
of slack tension to the pulling tension. And, when the 
tensions work at an angle with the centre line of the 
pulleys, so as to reduce the grip, we have the working 
power (= Q) for an arc of 180°, equal to the working power 
for an arc of 90° multiplied by the square of K for that 
lesser arc, when the pulling tension is the same. (Para- 
graphs 169 and 174.) 

133. We will employ the formula given by M. Prony, 
to find the loss in driving power when the arc is reduced ; 
also, the ratio of tensions in the pulling and the slack 
lines, and the ratio of frictional adhesion to pressure. 

P = Pulling tension = T. Fig. 84. 
L = Load to be dragged = T . 
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A = Arc of the circumference. 
K = Kadius of pulley. 
C = Coefficient of friction. 
•434 = Constant for all powers. 

134. In the case of a power T dragging a load T by a 
rope passed over a fixed saddle A, Fig. 34, T' is the 
weight that T would just balance at the point of sliding ; 

so that, when working 
on a pair of pulleys free 
to move, the load that 
T is capable of balanc- 
ing at the sliding point 
is T + the frictional re- 
sistance, which we will 
call Q. 

It is clear, therefore, 
that in the case of pul- 
leys with free motion, T' 
represents the minimum slack tension, and Q, suspended 
on the same side with Y, the load weight that may be 
held balanced at the sliding point by the frictional resist- 
ance of the belt upon the pulley, with T for power. 

135. Further, T + r = Ti, the joint tension of both 
sides in the case of pulleys in motion, which must remain 
a constant quantity, up to the sliding point, because, when 
resistance has to be overcome by an increase in the tension 
T, it can receive this increase only at the expense of the T' 
side, by throwing slack round into it, in equivalent mea- 
sure to its own increasing tension, and we have Q always 
equal to the variable difference between T and Y, 

136. In employing the formula we will substitute T and 
T' for P and L. 

Logarithm of T = Log. T + ^484 X C x j^). 

The ruling value within the brackets we will term K, so 
that the formula may be thus expressed : T = T' x K ; 



Fig. 84. 
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and when we know the quantity T and wish to find !F, 

we have x = t?. 

When we know the total tension T + T = T^, and the 

Q 

resistance Q to be overcome, we have T' = j^__^ , and, 

subtracting V from Ti, we get T the tension of the pulling 

side ; and, should Ti be known, but Q be unknown, we 

T 
have T' = xr^rT- (Paragraph 164.) 

137. Fig. 36 represents two belt pulleys of equal 
diameter, say 12 inches. The arc of contact is here 




Fig. 86. 

equal to half the circumference, which we will express 
in feet. 

Let b be the power and a the resistance pulley, and let 
the slack tension be represented by the weight i, of 50 lbs ; 
and employ the coefficient of friction for leather belting 
upon iron pulleys, equal to '38 of the pressure ; then, 
using these definite quantities, we have, 

Log. T + ( -484 X -88 X Q,g 1 = Log. T. 

Log. T + (•518109) = Log. T ; and, as the common 
logarithm of T = 50 lbs. is 1-69897, we have 1-69897 + 
•618109 = 2-21707 the logarithm of 1^4-^^, \Jsi^ tssos^^x 
of pounds in the pulling tenBion T. 
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Further, -518109 is the log. of the number 8-296 = K 
for 180° contact. (Paragraph 157.) 

When the pulleys are equal, t^=: 3-1416 = the constant 

ratio of circumference to 1 for diameter ; and it is this 
quantity only that is changed when, for the sake of higher 
speed in the driven pulley a, we increase the diameter 
of 6. 

188. Thus, let Fig. 36 take the place of 35, and let 
the driving pulley A; be 3 feet diameter, and the distance 
kj be 10 feet. We have here the belt lines on and m I 
converging to a point at s, so as to make the angle Isn = 
11°. Now, 180° — 11° = 169°, which, divided by 360°, 






Kg. 36. 

gives for the arc of contact -47 of the whole circumference ; 

80 that, as the circumference of the pulley j = a of Fig. 

85, is 8-1416, we have 31416 x -47 = 1-4765 feet, the 

length of the arc A, represented hj I p n; consequently, 

the question now stands, — 

/ l-476'5\ 

Log.T' + ^-434 X -38 x -qV") = ^^8- % or 1*69897 

+ -486948 = 2-1858, the log. of 153-42 lbs. in the pulUng 
tension T. And, -48694 is the log. of 3-068 = K for 169° 
contact. 

189. Reducing the distance j kto 5 feet, and keeping 

all else as before, we have the angle I s n = 22° 40 ; and 

JSO""-- 22° 40=1 5V 20 -t- 860° = -4^1 oi \kft ^\io\^ cm- 
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cumference ; so that 3-1416 x '437 = 1-8728 feet for A. 
Hence, 

(1'3728\ 
•434 X -38 X -5~-j= Log. T, or 1-69897 

+ -45279 = 2-1616, the log. of the number 141-76 lbs. 
pulling tension T. 

And, -45279 is the log. of 2-836 = K for 157° 20 
contact. 

140. When the angle I s n is a right angle = 90°, we 
have 180° - 90^ = 90° -^ 360° = -25 of the circum- 
ference, and 3-1416 x '25 = -7854 feet for the arc of 
contact A, so that the question here stands thus : — 

Log.r + ^434 X -38 X ^^^) = Log. T, or 1-69897 

+ -25905 = 1-95802, the log. of the number 90*79 lbs. 
pulling tension T ; and -25905 is the log. of the number 
1-81 = K for 90° contact. 

141. The slack tension T^ has here been constant, and 
the loss of driving power consequent on the lessening of 
the are from 180° is (paragraph 164) 

164-82 - 153-43 = 11-39 lbs. for 169° 
164-82 - 141-76 = 23-06 „ „ 157° 20' 
164-82 - 90-79 = 74-03 „ ,., 90° 
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142. As before observed, the ratio of friction to pres- 
sure represented by the coefficient is independent of the 
area of contact ; but the durability of the material under 
pressure is dependent upon the greatness of the surface to 
a given pressure ; that is, the pressure of 1 ton on a square 
inch of surface brings the friction nearer to the point of 
abrasion than when distributed over 20 square inches. 

Were the friction here produced b^ \J[iei ^x^^'S'ox'b <5?l ^\^^ 
reetangnlar body drawn lioxizoii\A\\.y \x"^oia. «jDLQ?Oj:i^"t.> «^<5o. 
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of those 20 square inches would be bearing 1 cwt. ; 
whereas, in the case of a belt upon a pulley, with a ten- 
sion of 1 ton, the pressure may be determined in the 
manner we will now state. 

148. As regards the forces acting at the points d 
and /, of Fig. 35, we have the pressure on the axle 
equal to the tension, when the belt is working upon two 
equal pulleys ; but as regards pressure acting upon 
the face of the circumference, we have the amount per 
inch length of arc as much less than is borne per inch 
length of radius as the arc of contact on one side of the 
centre line is greater than the radius. 

144. For the arc of 90° in a diameter of 1 foot = '5 foot 

•500 
radius, and '7854 foot arc, we have -=77-7 = '6366 of the 

•7854 

tension, operating in direction parallel with g h. 

And, as 1-00 — •6366 = ^3634, we have -3634 of the 
tension operating in direction parallel with d h, and con- 
sequently neutralised in greater or less degree as regards 
side-thrust on axle according to the tension of the other 
side, by corresponding pressure parallel with/ 6. 

Supposing the radius dh io measure 20 inches, and 
the arc dg 81-416 inches, we have dg x '6366 = 31-416 
X'6366 = 20 cwts., and this is equal to the radius multi- 
plied by full value : thus, 20 x I'O = 20 cwts. ; that is, 
while each inch of the arc dg is bearing a pressure of 
•68 cwt. (as the mean for the whole number of 81^416 
inches contained in it), the radius dh is bearing a mean 
pressure of 1 cwt. per inch, or 20 cwt. upon its 20 
inches' length d h, with the axle centre a acting as a 
fulcrum of leverage, and therefore supporting this 
weight. 

145. Vsine* + cosine* = radius, or the resultant of the 
forces acting respectively parallel with g h and d b. This, 
however, though showing that the pressure of the tension 

radiates towards the axJe centre, does nol dQ\>eTTDxiiQ e\Vk^x 



MEAN FOBCE ON BIM. 



85 



the actual pressnre on the axle, or the gradual diminution of 
the pressure from d to g, when the arc of contact is lessened ; 
hut, as the sine + co-versine, or the cosine + versine = 1*0 
for the radius of all angles from 1° to 90°, and, adopting the 
former expression, as the co-versine must decrease as the 
sine increases, and as we have the pressure on the axle 
increasing with the increase of the sine, we have here the 
sine representing the power of the tension upon the arc, 
and the co-versine the quantity which this power is less 
than the full tension 1-00. 

146. We will here employ Fig. 87, making the arc 




44^ ^ 



m. 



Fig. 37. 



aip of 180° equal to the arc dgf of Ei^.^^, wA TS^ssiKsa^^ 
the radius 20 inches, as hefore. 
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If we make the angles open from i as 0^, we have the 
sines and co-versines represented by the lines parallel 
with ah ; the cosines and versines parallel with h i. 

In this case, with the tension a constant quantity for all 
arcs of contact, we have the axle pressure as the leverage 
length of the sine ; whereas, when we make the angles 
open from a and p, we have the leverage as the length of 
the cosine. Reference to a Table of Sines, &c., will at 
once show that the cosine for the angle ah e ia identical 
with the sine of the angle ihe. 

Taking the angle iha, opening from t, we have the sine 
ha=z 1*0, and the cosine, co-versine, and versine = 0*0 ; 
and when it opens from a as zero, we have the sine 
h i = 1-00. 

Taking the angle of 45° = ihe, opening at i, we have 
the sine =eky cosine — e d, co-versine = da, and versine 
=zki. 

On the other hand, if we take the complimentary angle 
ahe, opening from a, we have the cosine = ek, sine = 
e d, versine z= da, and the co-versine z=.kL 

147. Now, taking a Table of Sines, &c., and adding 
together the fractional quantities of the sines parallel with 
h i for angles 0° to 90°, opening from a, and dealing 
similarly with those of the co-versines, we have them 
respectively 57'8138 and 33*2029 ; then, as sine + co- 
versine =: 1*0, we get the mean values of sines and co-ver- 
sines respectively ; thus, 57-8138 + 33-2029 = 91-0. 

__ = -6852 mean value of sines parallel with h L 

91-0 ^ 

and therefore representing mean pressure on the rim; so 
that the tension, multiplied by this mean value, gives the 
mean pressure per degree upon the arc a i, or mean pres- 
sure for the whole arc ; but, as we have already shown 
that this lesser value '6352 per unit of greater length in 
the arc is just equal to the full value 1*0 per unit of the 
lesser length in the radius, we have t^ie \.feXL«iOTi ^\» aisst 
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90° exerting its full power I'O upon the axle, whether we 
regard it as distributed over the arc, or acting as in a 
simple case of leverage at the end a of the radius h a, or 
pressing directly upon the axle with force represented by 
the radius A i = 1*0, which is the sine for the angle of 90° 
opening from a. 

33*2 

148. Further, — -—. = • 3648 mean value of co-versines 

91*0 

parallel with h a. 

By the sines we have -6352, and by the co-versines 
•3648, and these added together, as remarked, equal 1*0, 
the full value of the tension. 

149. The co-versine pressure of the arc a i is balanced 
and neutralized by the corresponding pressure in the arc 
y i, so that the axle has the '6352 mean sine pressure alone 
to bear, and, as we just now showed, 31*416 inches of arc 
X '6352 value per inch, is nearly equal to 20 inches of 
radius X I'O value per inch. 

The '6366 mean value, got by dividing the arc by the 
radius, gives the equivalent value exactly. 

150. Now, with the tension at a = 1*0, multiplied for 
leverage by the radius or sine ah = 1*0, of the angle of 
90° iha, we have the pressure on the axle simply equal to 
1*0, thus lxl = l'0;a^is thus seen to represent full 
leverage powers, and, as it is the sine of 90°, we have the 
lesser powers of the tensions for smaller angles all referable 
to it, and consequently represented by the respective sines. 

151. With the same tension leading away in the direc- 
tion e V, at an angle of 45° with the Ime i h, or what 
amounts to the same, with the angle ah e = 45°, we find 
the pressure on the axle operating in direction parallel 
with i h, thus,— 

Tension x sine of 45° = pressure on axle, and as the 
sine o£ aheis de = ;7071, we have 20 cwts. x '7071 = 
14*142 cwts. axle pressure. Or, we may dV^^'&'OckaXK^'s^^'^ 
by the number of times the Bine ia conWrna^ Ssi 'Oaa T^^b»s» 
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1*0 H .Hin, •« 20cwts. ^,^,^ 
thns,.i^gi^ = 1-4142, and ^.^^^^ = 14-142 cwts. pres- 
sure ; and as the radius equals 20 inches, we have radius 
X sine = 20 inches X '7071 = 14-142 inches length of 
sine, which is a hurden of 1 cwt. per inch of sine, same as 
per inch of radius. 

152. Employing the mean sine and co-versine values of 
the respective arcs, we have 

inches. 

90° = 81-416 X -6866 = 20-0 cwts. pressure on axle, 

and 
45° = 15-708 X -9 = 14-137 „ „ 

The mean value -9 is for the aggregate sines of 45° to 

90° in the angle ehi, the 90° ending at i ; thus 

smes. co-yeredneB. 

41-37658 + 4-6307 = 46-0 
41-8765 



46 



= •9. 



158. In thus dealing with the arc of one side only, we 




assume that there is a similar load on the other side, which 
woald make the axle pressure twice what w^ b&ve here 
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found it : and, should the load on the other side w^ith the 
same angle be either less or more than is borne by the 
side treated, we may determine its pressure separately by 
the sine, and add the two together, or employ the graphic 
method of Fig. 38, in which b e represents proportionately 
tension T, and h g represents T'. 

Drawing gf parallel to h e, and ef to h g, we have hf = 
the resultant tension ; and hj, the combined axle pressure 
of the two sides, because h i represents the pressure due 
to tension mhe, and h h the pressure due to tension in 
h g ; then, as the angle i ef is equal to the angle hgh, and 
the side efio b g, we have the side /A; equal to bhy so that 
as jf is drawn parallel to ik, we have ij = bh, conse- 
quently bj=ibh + bi. 

154. It has been shown that when the tensions are 
unequal, as in the case of T and T', 
Fig. 39, the tension that disappears 
from T in its passage round the driv- 
ing wheel from d to/, is equal to the 
working resistance Q, so that, when 
the logarithmic ratio of T and T' for 
the point of slipping is = K, we have — 
arc da = K=T 



T 

and K— 1 = Q = the diiBference be- 
tween T and T' ; so that we must sup- 
pose the tension T in action from d to/; ^ 
and the resistance opposed to it T' + Q, 
in action from/ to d, the arcs d a and 
a/, proportionately sharing Q between ^ig. 39. 

them. 

155. Now, for every lb. of frictional adhesion on the 
face of the arc, we have an equivalent lb. abstracted from 
the tension T, but the ratio K takes account of this in. 
determining the relative propoxtiona oi^ ^.'eA'X! . 
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It is clear, however, that the resistance Q will be over- 
come in greatest measure where the tension is greatest, 
in the ratio of 3-296 to 1*0 for the particular case of 
paragraph 137. 

166. Q, on the side d, is the only unbalanced force = 
1*0 at dy and 0-0 at /, because at /we have only tension 
T' balancing its equivalent in T. But as Q is dependent 
on the joint operation of the tensions T and T', we have T 
contributing to it in the ratio of 8*296 to 1*0 for T, on 
the respective arcs d a and af; and as this ratio is for 
the point of slipping in direction from /to d, we have the 
adhesion Q in the arc af so much less than Q in the arc 
a dy that the slipping of the belt upon the pulley face, in 
the act of contracting to the strain T, takes place most 
readily on the arc af, 

157. Thus, employing the quantities of paragraph 187, 
viz., T = 164-82 lbs., T' = 50 lbs., Q = 114-82 lbs., 
and the logarithmic ratio K for the point of slipping = 
8-296. We first find the proportions of Q for the respec- 
tive arcs of T and T', by dividing Q by K -1- 1, because K 
is here as 3-296 for T to 1-0 for T', consequently as 

T -f- r Q 

rr , ^ = T^ we have T— T' = g-rn = the portion of 

Q that falls to T', the difference between this portion and 

Q entire belongs to T, but is subtracted from it in the form 

of frictional adhesion. 

8-296 + 1-0 = 4-296. 

114-82 
A.oqa = 26-7 lbs. of Q for the arc af. 

114-82-26-7 = 88-12 lbs. „ a d. 

158. In the case of the driven pulley we have the order 
of the arcs reversed, so that the lesser arc c b takes the 
place of the greater arc da in the driving pulley. This 
is owing to the belt stretched by the tension T passing on 
to the driving pulley at d, and being so held by the fric- 
tional adhesion that it reaches the ratio point a before it 
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begins to slide in contracting its length to correspond 
with the tension T' ; and, to the belt with this lesser 
stretch of Y passing on to the driven pulley at e, and 
being so aided by the adhesion that it is not overcome, so 
as to slide in stretching to the greater tension at c, till it 
reaches the ratio point b. We have, consequently, the 
stretching and contraction of the band on the respective 
pulleys taking place mainly on that side of the arc where 
the band leaves contact. 

159. This sliding under alternate extension and con- 
traction prevents the two pulleys and the belt from moving 
at precisely the same rate, but as the difference is depen- 
dent greatly upon the character of the belt for stretching, 
and is very small in amount, it may be disregarded in 
ordinary practice. 

160. When resistance in the driven pulley becomes 
greater than the K ratio difference between T and T', the 
belt slips, and must be tightened either by a fresh splice 
or by pressing the two pulleys further apart, or by em- 
ploying a jockey pulley. 

We will suppose the pulleys are pressed further apart 
with a force equal to 100 lbs., which is equally borne by 
both pulleys, and is equally shared by both tensions T 
and T, being 50 lbs. added to each. So that 

T = 164-82 + 50 = 214-82 lbs., and 
T' = 50-0 + 50 = 100- 



Q = 114-82 



>> 



>> 



161. We here see that the difference between the 

tensions remains unchanged, but the ratio between them 

214-82 
has been altered, thus ..^^ = 2-148 in place of 3*296 

for the point of slipping. 

Then 2*148 -1- 1-0 = 3*148 divisor to get tk^ ^xw^^ti. 
tions in which Q is shared by T and T . 
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114-82 „^ , ,, ^ ,, ^ :, 

Q,-iAQ = 86*4 lbs. for the arc a/, and consequently 

78*42 lbs. for the arc a d. 

The belt will not now slip till the tension T' is again 
reduced to the ratio K found by the logarithmic rule. Thus 

T + r 21 4-82 + 100 ^o Q 11. ir rn/ . • . r 

K+T = 8-296 + 1-0 = ^^'^ ^^'- ^^^ ^ *^ P^^^* ^^ 
sHpping, and as 814-82 - 78-8 = 241-52 lbs. for T at 
the point of slipping, we have 241-52 — 78-8 = 168-2 lbs. 
for Q, which is 

168-2 — 114-82 = 58-38 lbs. additional power in Q. 

162. When one pulley is less than the other, the belt 
will slip on it before the slipping point is reached on the 
larger, because the arc of contact in the lesser pulley, 
when the belt is not crossed, contains a less number of 
degrees than the arc of the other ; the value of the slip- 
ping ratio K being ruled by the number of degrees enclosed 
by the arc, without regard to the diameter. 

168. When the belt is crossed, the arc is practically 
equal on the two pulleys ; the only diifference being caused, 
in the case of a horizontal direction, by the curve of T 
being less than that of T, according to the greater or less 
elasticity of the band. 
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164. We will now determine the diflferences for wire 
ropes upon an iron pulley for arcs respectively 180°, 
157° 20^, and 90°. Firstly, keeping the tension T con- 
stant ; and secondly, keeping the working adhesion Q 
constant. 

(1) Tensions T and T parallel, 180° arc. 

K' = (-484 X -18 X 8-1416) = Log. -24541 = 1-759 
number, in place of 8*296 when the band is of leather. 
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This quantity signifies that T is as 1*759 to 1 ioiT ; 
consequently, K' — 1 = T — T' = Q. (Paragraph 191.) 

165. The coefficient of friction for iron upon iron dry, 
when there is no sliding, is '18, hut should sliding hegin, 
the coefficient will he slightly reduced. 

(2) Tensions T and T', angle b m h, Fig. 87, = 11° 20, 
arc 157° 20 

K" = (-484 X -18 X ^^1^) = Log. -21448 = 

1-6885, number for ratio. 
(8) Tensions T and T', angle e m A = 45°, arc 90° 

K''' = (-484x-18x'^) =• Log. -12272 = 

1-8265, number for ratio. 

166. We assume the tension T to be 2,240 lbs., the 
logarithm of which is 8*85024, from which we subtract in 
succession the logarithms just now found, and have in the 
number belonging to the reduced logarithm of the re- 
mainder, the tension Y, thus : — 

Number. 

(1) 8-85024 - -2454 = 8-1048 = 1272-9 lbs. = T' 

(2) 8-85024 - -21448 = 8-1857 = 1866-8 „ = T" 
(8) 8-85024 - -12272 = 8-2275 = 1688-5 „ = T' 

But we may find tension T' directly, by dividing tension 

T by the number for K. Thus, 

T 2240 

W K = 1^59 - 1278 lbs. = T' 

T 2240. _ _ ,, 

(2) IP = j;gggg = 1867 „ = T" 

T 2240 

(^) E^ = r8265 ^ ^^^® '' = ^" 

167. Subtracting tension T' from tension T, gives the 
weight of the frictional adhesion. Thus, 

(1) 2240 - 1272-9 = 967-1 lbs. adhesion = Q' 

(2) 2240 - 1866-8 = 878-2 „ „ = Q!' 
(8) 2240 - 1688-5 = 551-5 „ ,, ^^' 
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168. The total tension in the belt is equal to T 4. T', 
or T H- T", or T + T'", according to the arc embraced ; 
and these total quantities, divided by 2, give the mean 
tension on each side for the state of rest when axle friction 
is disregarded. Thus, j^^, 

(1) 2240 + 1273 = 3513 -j- 2 = 1756*5 each side. 

(2) 2240 + 1367 = 3607 -f- 2 = 1803-5 „ „ 

(3) 2240 + 1688 = 3928 -5- 2 = 1964-0 „ „ 
T' + Q' = T'" 4- Q"' = T = 2240 lbs. 

T'" -i-T = K'", that is 1688 -5- 1273 = 1-326. 

169. The arc of T' is twice the arc of T"', hence the 
greater pressure required by T'" to give frictional resistance 
to the pull of T. But we find that, notwithstanding this 

greater pressure, Q'" belonging to it, is only v-;=^ of Q', 

thus, 967-5 -*- 551-5 = 1*759 = K', and as this is the 
square of W ^ 1-826*, we have the power that deter- 
mines the value of Q'" equal to the square root of the 
power that determines the value of Q', for a given constant 
tension T. (Paragraph 132.) 

170. We will now ascertain the tensions when the re- 
sistance = Q' for 180° is kept constant ; employing the 
same angles as before. 

Q' 
w-_j^ = T', so that 

967 967 ^ J273 lbs. = T' 



(1) 1-759 _ 1 - .759 

967 

(2) 1.638 - 1 = 1^1^ '^•'- = ^" 

Q67 
(«) r326r=-l = 2961 „ = T'" 

And, to find the pulling tension, 

(1) 967 + 1273 = 2240 lbs. = T 

(2) 967 + 1516 = 2488 „ = „ 

(3) 967 + 2961 = 8928 „ = „ 
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171. And, for mean tension in a state of rest, disregard- 
ing axle friction which, in ceasing from motion, will retain 
in the side T a quantity in excess of the true mean, equal 
to the force on the rim required to balance the friction on 
the axle, 

lbs 

(1) 2240 + 1273 = 3513 -5- 2 = 1756*5 each side. 

(2) 2483 + 1516 = 3999 -5- 2 = 1999*5 „ „ 

(3) 3928 + 2961 = 6889 -r- 2 = 3444-5 „ „ 

172. Next, for the ratio of resistance to total tension 
T -f T' we have, 

3513 Ratio. 

(1) -ggs- = 8-633 = 10 Relative ratio. 

(2) ^ = 4-156 = 1-144 „ 
(8) ^ = 7-124 = 1-961 „ 

173. The relative ratios here show that, approximately, 
the frictional adhesion equal to a given resistance is 
effected in an arc of 180^ with about one half the total 
pressure T + T' required in the arc of 90°. 

174. When the rope makes one complete turn round a 
drum, we square K, and by the square product divide the 
pulling tension T to get the slack tension T' ; and when 
more than one complete turn is made, we multiply K into 
itself as many times as there are half- circumferences in 
the turns, and dividing T by this square product, get T' 
at the free end. 

175. It is equally the same whether the turns be round 
one drum, as in Fig. 40, or embracing two, as in Fig. 
35, because, in either case, the ** slack tension" Y at 
the close of each successive half- circumference is treated 
as the tension T for the succeeding half-circumference, 

thus, - = T' ; t. = r ; i- = T"', and so on. 
' K K K 

176. Let us here see how many laaM-\.\sjraa N^f^ \i«k 
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required to take up all the weight of T = 2240 lbs., dis- 
regarding bending resistance. 

We have already found K, for iron upon iron dry, on 
an arc of 180°, to equal 1*759, consequently, 

2240 1273 723 411 , ..„ , ., 

^ „^^ == -—7=-^ = ^ „^^ z=z ^ „^^ , and so on, till at the 
1-759 1-759 1-759 1759 

end of 11 half- turns = 5-5 whole turns we have T' = 

4 lbs. 

177. Now, we find that the coefficient of friction '18 is 

contained 5-5 times in the whole pressure 1-0; so that 

an approximate idea may be had directly of the number 

of turns required. 

1-0 
Supposing the band were of leather, we have -— = 2*63 

-38 
times ; and employing K = 3-296 for leather on an arc of 
180°, we reduce the tension from 2,240 lbs. to 6 lbs. in 
2-5 whole turns, and to 1-8 lbs. in 3 whole turns, so that 
this direct method is near enough for ordinary pur- 
poses. 

But we may here observe that -18 for iron is employed 
merely as an average coefficient that will vary according 
to the condition of the surfaces, and will be found greater 
for galvanized iron or steel than for plain iron or 
steel. 

And, in the case of leather bands on iron pulleys, the 
coefficient -38 is for moistened leather ; for dry leather it 
is only '28. 

178. We get the same ultimate result when in the 
formula (-434 X c x r^^ )? we make the arc equal to 

11 half- circumferences. Thus, taking for simplicity a 12- 

3-1416 ^®®*- 

inch diameter, we have — ^ — = 1*5708 half-circumfe- 

feet. 

rence, -r- -5 radius = 3-1416 x 11 times = 34-5576 x -18 
X -434 = 2-6996, which is the logarithm of the divisor 
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K; the number belonging to this logarithm is 500*7, 

994.0 

SO that ffl^=4-4 lbs. = r at the end of the 11th half- 
500-7 

circumference. 

When we know the logarithm of K for the first half- 
circumference, we at once multiply it by the total number 
of half- circumferences embraced ; the product is the loga- 
rithm of the increased value of K. 

In this case it is *2454, so that 

•2454 X 11 = 2-6996 Log. 
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179. In the case of the several turns being all round 
one drum, as in Fig. 40, the pressure on the axle 
(which in this case works 
in fixed bearings at a), will 
be T — T' = Q, because T 
in the line g d is counter- 
acting its equivalent in T 
in the line g c, whereas in 
Fig. 35 it will be T -f r + T 
+ T'", &c., in accumulative 
manner, tending to bring the 
drums closer together. 

The tendency, however, to 
drag away the whole frame that 
contains the two di'ums, will^^ 
be just the same as for the 
single drum. 

The pressure upon the axles 
when tiie pulleys are placed one above tlDL«b oMJsiaT^ ^^5^ 

F 




Fig. 40. 
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in Fig. 41, and the load represented by the frictional 
resistance has to be lifted, is 

|(T + T') X 2 sine -^ load to be lifted + weight of 
drum. The tension for the state of rest is J (T + T). 

If we multiply by the sine singly, we employ the whole 
tansion T + T' or T^. 

The sine of the angle a h e oi Fig. 37 is d ^ ; and 
this is equal in tabular value to the sine e k oi the com- 
plementary equal angle e mkoi the same figure. 

180. When resistance is produced by the repression 
of a force acting upwards, say at ^ in the cog-wheel ^, 

Fig. 41, the axle pressure at a 
will be relieved to the extent 
of the resistance ; but the relief 
is at the expense of the axle ^, 
as explained in reference to 
Fig. 28 ; so that we may ima- 
gine the tension T of the belt ^/ 
to be exerting its pressure upon 
both the axles a and g, the por- 
tion given to a being equal to 
T in (? cZ, and the portion to g 
equal to the resistance Q. 

181. We will employ the ten- 
sions found for constant resist- 
ance Q to get the differences in 
the axle pressure between pa- 
rallel and angular tension. 

Thus, for parallel tension on 
an arc of 180°, we have, em- 
ploying the quantities of paragraph 167, 

(1) T 4- T' + Q = 2240 + 1273 -f 967 = 4480 lbs. -f- 

weight of pulley = pressure on axle of top 

pulley. 

But it is T -f- T' = 351^ — weight of pulley = pressure 

on axle of bottom pulley. We here assume that the 





T 







Fig. 41. 
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pulleys are working in vertical line, and that the resist- 
ance is a load to be lifted by the upper pulley. 

182. Next, for an angle of 45°, in an arc of 90°, we 
have 

(2) 3928 + 2961 = ^^ = 3444-5 = i^ (T + T) 

2 Sine. 

3444-5 X 1-4142 = 4871-2 + 967 = 5838-2 + 
weight of pulley = pressure on axle of top pulley. 

We here see that with the resistance constant we have 
had to increase the axle pressure by an amount equal to 
1358 lbs., when we reduce the arc one- half from 180° to 
90°. 

i83. When the band embraces a second arc of 180°, 
say on the lower pulley of Fig. 41, with the first tension 
T = 2240 lbs., we have T' - T" = 1273 - 723 = 550 
lbs. resistance in the second arc, and we find that this 
stands in the same ratio to the lesser tensions T' + T", 
as 967 to the greater tensions T -f T', thus, 

T + r : T' -f T" : : 967 : 550 ; or, to treat it as ex- 
pressed in paragraph 169, the square root of K for 180° 
employed as divisor of T', gives a ratio of tension to re- 
sistance in the second are relatively equal to the ratio in 
the first. 

184. Further, that T + T'' -f (T - T") = 2240 -f 723 
+ (2240 - 723) = 2963 + 1517 = 4480 lbs. total ten- 
sions and resistance on the two arcs of 180°, and that this 
is equal to 3513 + 967 for the first arc, and equal to the 
total for arcs, 1, 2, and 3, thus, T + T"' + (T — T"') = 
2240 -f 411 + (2240 - 411) = 4480, showing that the 
value of tension plus resistance Q is a uniform quantity, 
whether we take its effect upon the first arc or upon the 
whole of the eleven arcs of paragraph 176. 

185. Supposing in Fig. 41 that the adhesive power 
to overcome the resistance in the pulley a "wet^ %<^^^"^ 
means of the band taking Bay 11 \i«i\i-\»\>xii^ xwa^^ "^^ 

F ^ 
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pair of pulleys as shown, the weight T representing the 
2240 lbs. pulling tension, and the weight T' the ultimate 
slack tension, borne respectively by the opposite sides e 
and c of the upper pulley, it is clear that the pulley a 
has greater pressure to sustain from the tension, and con- 
sequently has more frictional adhesion on its rim than the 
lower pulley b has. 

186. Thus, number the successive arcs of 180° each 
by the numerals 1, 2, 3, &c., then successively subtract- 
ing !F from T, or as we here have it, tension 2 from 
tension 1, and 8 from 2, &c., to get the frictional resist- 
ance Q, and, for the total quantity Q in pulley a, adding 
together Q 1, 8, 5, &c., and for the pulley b adding Q 
2, 4, 6, &c., we get the working grip on the respective 
pulleys ; thus, disregarding fractional quantities, 

Number. Tensions. Friction. Pulley a Pulley b 

1 2240 ^,7 ^^^ 



2 1278 

8 728 

4 41l' 

6 284* 

6 188 

7 75* 

8 48* 

9 24' 

10 18 

11 7' 

12 4 



560 550 

818 818 

.177 177 

.101 101 

. 58 58 

. 82 82 

. 19 19 

. 11 11 



6 
8. 



5180 2287 1427 810 

187. We here see that the aggregate friction, inclusive 
of the 4 lbs. tension remaining in T' is equal to the whole 
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tension T = 2240 lbs. ; so that the whole of the tension T, 
minus 4 lbs., is here available for power. 

188. We see also that the friction Q is in the ratio of 
K = 1'769 for the pulley a, to 1*0 for the pulley b. But, 
for pressure on the respective axles, we have 6180 lbs. 
for a, and 6180 - 2240 = 2940 lbs. for b. 

189. The pressure of the tensions 2, 3, 4, &c., in the 
lines of rope between the pulleys, is acting equally upon 
the two axles ; but the pressure of the first tension, 
No. 1, is borne by the axle of a only. 

190. And we find that the ratio of axle pressure in a 
is as 1*769 to 1*0 in 5 ; but this might be expected from 
the use made of the ratio K in the equations. 

191. We have assumed that the resistance of the work 
to be done is all in the upper pulley a, and that the pulley 
b is free to move with the band. Notwithstanding this 
freedom of motion, however, the frictional adhesion on 
the rim of b is as effective for work as the adhesion on 
the rim of a ; because, as frictional adhesion is dependent 
upon pressure, and as the pressure produced by the gra- 
duated tensions of the sides ef and c d, acts equally upon 
the two pulleys, tension alone being here considered ex- 
clusive of weight, we have the whole tension on the side 
ef, in the ratio of 1*769 to 1*0 for whole tension on the 
side c d. (Paragraph 164.) 



xnus, 


Side e f. 


Bideed. 




2240 


1273 




723 


411 




234 


133 




75 


43 




24 


13 




7 


4 




3308 


1877 


, 8303 

and — — - = 


1*769 ratio. 





1877 
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And, as the two pulleys are in gear by means of the 
band, they must co-operate and move together — ^neglecting 
a certain small loss that occurs through the alternate 
stretching and contraction on the pulleys. But a rope so 
applied would have either to travel along the face of the 
pulley to allow of continuous motion, or be kept on one 
part by means of constant side pressure, unless the pulley 
face be grooved. 

Later on we will speak on this point. 

192. In computing the work performed by the tension 
T in the case of the endless belts of Figs. 35 and 36, we 
multiply the frictional adhesion Q by the speed in feet per 
minute, and divide by 33,000 to get the nominal horse- 
power. (Paragraph 201.) 

We thus employ Q, because, as before observed, it is 
the unbalanced part of the whole tension T, and therefore 
alone is the weight measure of the work performed. 

193. It must be borne in mind, however, that the ratios 
and quantities we have given relate to the point of sliding ; 
that is, the power and resistance are on the balance, so 
that the slightest vibration would cause the belt to slip. 
In practice, therefore, the slack tension T' must not be 
reduced so low as we have brought it by the ratio K, but 
must have a reserve force a little more than sufficient to 
cover irregularities which may increase the working resist- 
ance. 

Moreover, as the formula that determines K is based 
upon the results of carefully- conducted experiments, with 
special new bands, the splices of which never came upon 
the pulleys (the motion available in the experiments being 
limited to the short distance between the latter), the 
reserve force in T' must provide for deficiencies in the 
belt itself. 

194. The case is somewhat difierent when as many 
turns are taken round the pulleys as leave the whole 
tension free for work, this being equivalent to tjdng 
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the T' end to the pulley; hut when the tension T is 
increased without a corresponding increase in T', the band 
will begin to slide just the same as when the working 
adhesion is the smaller quantity Q, for a single half-turn. 

Assuming that T is all free for work, we multiply it 
by the speed in feet per minute and divide by 33,000 to 
get the nominal horse-power. 

195. Good new belt-leather has been found to break 
with an average tension of 5,000 lbs. applied quietly per 
square inch of sectional area. 

The working tension for continuous service ought not 
to be more than about 1^4-th of this, or about 360 lbs. per 
square inch. 

A thickness of i^th inch, expressed in decimals, is 

= '062 inch ; so that -Aths ordinary thickness 
16 

equals '186 inch ; therefore, for a breadth of 1 inch, we 

have -186 x 6000 = 930 lbs. breaking strain, an^ -186 

X 360 = 66*1 lbs. continuous service strain ; so that, for 

the tension named in paragraph 137, we require a breadth 

- 164-82 o tro • 1. 
of -— — —= 2*63 mches. 

65'1 

196. But with the same working tension, when we 
double the breadth, we reduce the strain per square inch 
of section to one-half the strain for the single breadth, and 
thereby save the belt. The axle pressure is the same, 
however, because the belt of double breadth is simply doing 
the same amount of work upon the rim of the pulley as 
the single breadth had to perform. 

When we double the diameter, the revolutions of pulley 
per minute being as before, we may reduce the tension to 
one-half; because we have the speed at the circumference 
equal to 2, and this multiplied by '5 tension = 1 power; 
the same as 1 speed x 1 tension = 1 power. 

197. As before observed, when the two pulleys aandi^ 
Fig. 36, are at rest, the tension on e«i.c\i ^vSl^ S& \^<iaj^ 
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eqnal to the mean of T + T' ; conseqnently, when motion 
begins, the driving pnlley has to stretch the polling line 
ed, to the tension required to overcome the resistance, 
before the driven or load pnlley can move ; and in doing 
so, the driver is passing a corresponding amoont of slack 
into the return sidefe. 

198. Should the resistance of the load grow less from 
any cause, less tension will be required to balance it, and 
the driven pulley will be moved by the excess of the 
pulling tension a fractional quantity faster than the driver, 
thereby throwing part of the slack of the return line into 
the pulling line, until the reduced load resistance and the 
pulling tension come to a balance ; this diminishes the 
amount of slack on the return side. 

On the other hand, should the load increase from any 

cause, greater tension is required ; the driver must move 

a fractional quantity more than the load pulley to put the 

greater strain upon the belt, and the amount of slack in 

fe IB increased correspondingly. 

Hence, in a narrow belt, the return side will be slacker 
than when a broader belt is employed, because it will stretch 
more with a given tension. 

199. In ordinary practice, with short belts leading direct 
between the pulleys on shafts in fixed bearings, it is some- 
times difficult to estimate the degree of tension obtained ; 
and it is often as difficult, without direct test, to estimate 
the number of units of work which have to be performed 
in a given time. 

When the two pulleys can be thrown out of gear with 
all but each other by the belt, the whole tension in the 
two sides may be readily found by suspending a weight by 
a string from one of the pulleys, as the weight Q, Fig. 85. 
This weight, when the pulleys with belt are just on the 
point of motion, is equivalent to the weight of friction on 
the axle. Thus, let 

Weight Q = l'5U6lhB. 
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Pulleys and belt = 50-00 lbs. 
Tensions T -}- T = 164-82 + 50 = 214-82 lbs. 
Radius of pulley to that of axle = 12 to 1. 
Coefficient of axle friction = -07 of the pressure. 

1-5448 
Then, ,q^ = 264-82 lbs. and 264-82 — 50 lbs. 

weight of pulleys and belt = 214*82 lbs. tension = 

T + r. 

A weight Q suspended from the rim of the resistance 
pulley with the belt off, will at the point of motion give 
the power required to overcome the resistance ; that is, 
will give T—T' = Q simply. 

200. Short belts require to be tighter than long ones. 
A long belt working horizontally increases the tension by 
its own weight acting in the curve formed between the 
pulleys. 

One of the properties of this curve is to make the ten- 
sion greater than is due to the simple weight of the belt ; 
that is, greater than when the belt is hanging vertically ; 
besides, it never loses contact. 

In vertical belts, such as in Fig. 41, so little stretch is 
needed to make them lose contact with the lower pulley, 
that the tension for the state of rest requires to be greater 
than is found necessary for a horizontal belt, if the breadth 
be not increased to reduce the stretching stress per sec- 
tional square inch. 

201. In paragraph 192 we have termed Q the weight 
measure of the work performed ; but, as it may not at 
once be obvious how the difference between T the pulling 
tension and Q the work is employed, we will use Fig. 35 in 
explanation, and will take the tensions T and T' for the arc 
of 180°, disregarding axle friction : thus — 

164-82 -f 50 = 214-82 lbs. (= T -f T'), which remains 
a constant quantity for the state of rest, ^-a ^^ ^^ ^V^^ 
performing work. 
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This gives for the state of rest — 

214-82 

— - — = 107*41 lbs. tension on each side/ « and c d. 

The work Q is here — 

164-82-60 = 114-82 lbs. 

The power to perform this work is got by transferring, 
by means of motion in the driving pnlley at the start, one- 
half, that is — 

114-82 

— 5 — := 57*41 lbs. from the return side f e to the 

pulling side c d, which increases the latter to — 
107-41 + 57*41 = 164-82 lbs. = T. 
And reduces f e to — 

107*41-57*41 = 60-0 lbs. = T. 

With 107*41 lbs. tension on each side, the forces are 
balanced and at rest ; but on transferring f Q from f e to 
c dy we raise the force in c dto Q -{• tension equal to what 
remains in / «, so that Q is the only force that is not 
balanced, consequently it forms the measure of the 
work. 

The full tension T is the weight of the pressure upon 
the pulleys, at the points c and d, but the moving or 
working power requires to be equal only to Q + small 
force on the rim to overcome axle friction. 

We must observe, however, that though Q is the ejQfec- 
tive working force, the stress in the belt on the pulling side 
is -represented by T, and on the return side by T', conse- 
quently we determine the breadth to bear T. 
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202. With reference to Fig. 42, let— 

P = Power tension, L = Load tension, 
R = Rigidity of band, N = -Axle pressure. 
/ = Coefficient of axle, r = Radius of pulley. 
r = Radius of axle. ^ 

Now, as P r is equal to y'^^'^\ "^ 

L r -f R r +/ N X /, it is clear / |r 

that the rigidity R requires a / \ 

constant expenditure of force f ' 

to overcome it. (Paragraph 219.) 

203. According to Coulomb, 
and verified by Morin, — Resist- 
ance to bending is due firstly to ^ 
natural stiflOiess, dependent on ^^Sj> ^C^^ 
the particular construction of ^^^ ^^ 
the rope, and the degree of hard- 

ness in the twist of the yams or strands : this natural stiflF- 
ness he terms A. 

Secondly, to an effect of the tension in increasing the 
hardness of the twist : this secondary stiffness he terms B. 

Making D represent the diameter of the roller, plus 1 
diameter of the rope, we have the total resistance thus 
expressed in Bennett's Morin : 

A + (B X tension) 

The cords experimented with by Coulomb were of white 
dry yam, and of tarred yarn. 

The number of threads or yams composing the cords 
are proportional to the areas : thus, a diameter of 0-0416 
foot = \ inch, contains 12 yams, and a diameter o^ Q-CSQi^^ 
foot = 1 inch, contains 48 yarns. 

The diameter for any given nvnn^iet o^ ^^tv^'s* xsvk^"^*^ 
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found by means of the following formnlse, the number being 
here represented by n. 

Foot diameter = >/ 0*000144 x n for white dry yams, 
and 

Foot diameter = -v/O* 0062002 x n for tarred yams. 

For the resistance upon a drum of 1 foot diameter, of 
white cords, new and dry, when 

E = Resistance, D = Diameter, 
a ■= Value of resistance for single yam, 

b = Mean difference in value found by experiment for 
different numbers of yams : 
we have — 

R = n X I rt + (^ X w) + (B X tension!; 

or, with the values stated — 
R= ?i X [0002354 + (0001789 X n) + (0-001190 X lbs. tension J. 

and, for a drum of different diameter, we have — 
R=:^ X r0002354 + (0-001739 X n) + (0001190 xlbs. tension]; 

For tarred yarns the total resistance upon a given 
diameter is — 

R =^X [0-010568 + (000250 Xn) + (0-001372 xlbs. tension]. 

These formulae are derived from experiments on new 
ropes ranging in diameter from 0-35 inch to 1-11 inch for 
white, and from 0*41 inch to 1-3 inches for tarred, and 
composed respectively of 6 and 60 yarns at these two 
extremes of each sort. 

Ropes that have been some time in use are more flexible 
than when new ; so that these formulae do not apply in 
their case, and further experiment is needed to give data 
for precise estimate of the difference. 

204. Coulomb experimented with a complete turn round 
a roller, as in Fig. 40, and with the tension on both 
Bides ^d and, g c nearly equal, produced by & ^d%Tal K, the 
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roller being rolled upon the rope by the slow action of the 
weight/, suspended by a thin line from the rim at e. 

For steadiness there were two ropes, one at each end 
of the roller, so that the weight h was doable the tension 
on each rope. 

This was a very convenient arrangement for deter- 
mining the rigidity under varying tensions ; but for very 
stiff ropes we may get approximate res alts for ordinary 
practice from the simpler arrangement of Fig. 42. 

The load h in Coulomb's, or rather in Amon tin's arrange- 
ment, does not move; so that the effect of increased 
motion upon the resistance can be ascertained in simple 
manner; whereas, in Fig. 42, the force necessary to 
overcome the inertia of the two weights p and l, would 
have to be allowed for when starting into motion, because 
the resistance of this inertia is additional to the bending 
resistance ; but, as it has been found that the resistance 
of friction is practically constant for different velocities, it 
is suf&cient to bring it just to the point of yielding. 

205. There has been no similar series of experiments 
to establish a precise rule applicable to wire ropes of dif- 
ferent descriptions. We will here simply assume, there- 
fore, that the rigidity or bending resistance of a particular 
wire rope on a given diameter — say of 1 foot, to form a 
standard by which the greater or less resistance on dif- 
ferent diameters may be determined — is found approxi- 
mately by suspending a load equal to the required working 
tension T to each of the two ends of a length hanging 
from a pulley, as in Fig. 42 ; then adding to one side 
a weight which, when it brings the pulley with its loads 
to the point of motion, is the measure of the bending 
resistance. Should motion be started, but so slowly as 
to be practically uniform, we may disregard the inertia of 
the loads, but subtract from the additional weight repre- 
senting the bending resistance, t\ie ioTt^ wi ^^ ^cvsa. 
required to overcome the frictioii on Wi^ ^'xVe* 
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206. The bending resistance thus got, however, is for 
the given diameter of pulley, and the tension of the loads 
employed ; so that, according to Coulomb, as the bending 
resistance varies in the inverse ratio of the diameter, we 
reduce it one-half when we double the diameter; and 
double it when we reduce the diameter one-half. 

207. With less tension the resistance is less, because 
the factor of tension-sti&ess, represented in the case of 
hemp ropes by B of the formulas, is then multiplied by a 
less quantity previous to its addition to the factor repre- 
sented by A, which is constant for all tensions, and 
changes only with the diameter of the pulley, the diameter 
of the rope, and tightness of the twist; but the value 
given to it in the formulsB is for rope of the particular 
description used in the experiments. 

B was found approximately proportional to the number 
of yams in the rope, and consequently to the sectional 
area of the rope, and is evidently the expression of the 
greater tightness of the twist produced by the stretching 
of the rope's length by the load or tension ; so that its 
initial value must be affected by changes in the diameter 
of the pulley and the tightness of the twist in the free 
state. 



SECTION XIV. 

208. In the absence of precise values for A and B, 
applicable generally to wire rope, the hardness of wire not 
being a constant quantity, whereas the yam of Coulcomb's 
cord was of uniform character, we will assume, in the 
following practical question, that the rope is composed of 
60 white dry yarns, and is at work with an arc of con- 
tact = 180°, upon a roller of wood, of -284 foot = 8-4 inches 
diameter, with the coefficient of friction = '60 of the 
pressure. 
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Ill 



We will suppose that the bending resistance is 80 lbs., 
and will employ a load equal to this on each side. 

The two loads combined, when disposed to form the 
tensions T and T', for work to be done, have an adhesive 
power equal to 39*34 lbs., which we find thus, employing 
the formula of paragraph 136. 

Number. 

•484 X -50 X 8-1416 = Log. -68172 = 4-806 = K. 

Then^i^; = -4^10-88 lbs. = T, for the side be, 
K H- 1 5-806 

Fig. 48, so that 

60-0 — 10-88 = 49-67 lbs. = T for the side c/, and 

49-67 - 10-38 = 89-84 lbs. = Q. (Paragraph 219.) 




Fig, 43. 

209. As before observed, paragraph 201, this free 
force Q, is got by transferring i Q from the return side 
of the belt to the pulling side ; so that in the present case 
we have i Q = 19-67 lbs., and 800 - 19-67 = 10-38 lbs. 
= T' ; consequently, as the resistance to bending alone 
requires a tension of 80 lbs. at each side to make the rope 
cling close to the pulley on the whole arc of 180°, it fbl- 
lows that the abstraction of 19-67 lbs. from the side be 
will allow the rope to recover an e(\yx\\«Xeii\. ^\CLOv>xi5^ <5Jv 
spring 80 as to take the curve Kg-, an^ a'^ ^^ \i«si^cax"%, 
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force A is a nniform quantity per rmit of length in the 
arc of contact, we might, were the force A alone in qnes- 
tion, at once divide the arc d h into 80 equal Ih. parts, and 
subtract therefrom 19*67 lb. parts to get the point k ; but 
the decrease that has taken place in B, owing to the re- 
duction of tension on the side d h, has reduced the total 
bending resistance A + BT; so that 19*67 lbs., minus 
the difference between B at 80 lbs. and at 10*88 lbs. ten- 
sion, will be the quantity to subtract from the 80 parts of 
dhio find the point h. 

Employing the rule of paragraph 208, we have for the 
rope of 60 yarns — 

R = 60 -h ro*002864 + (0*001789 X 60) + 0*001190 x 80 Ibs.l 

This is equal to 60 x 0*14289 = 8*5486 lbs. resistance 
for the 80 lbs. tension. 

Substituting 10*88 lbs. in the room of the 80 lbs., we 
have 60 x 0*11898 =7*1888 lbs. 

210. But as these two quantities are for a roller of 
1 foot standard diameter, whereas the roller here employed 
is only "284 foot, we divide them by the latter diameter ; 
thus, — 

§:^ = 80 IbSi tension ; 
•284 

71888 __ 2518 

*284 ~" 4-87 lbs. difference. 
So that 19*67 — 4*87 = 14*80, which we now subtract 
from the 80 lb. parts of dh io get the point h ; or, as we 
before found, paragraph 150, that the power of the tension 
is as the sine of the angle ; and as we have the tension 
acting on the arc d A, and we have here to find the loss of 
power, we have that loss represented by the sine A t of 
the angle hah^ and ascertain the sine thus — 

^^'^Q^^^' = -498 = sine of 29° 88'. 
801bB. 
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Now, treating the reduced arc Kdc, a.s in paragraph 
139, we have — 

180° - 29° 33' = 150°2r -^ 360° = -417 of the whole 
circumference, which is here equal to — 

Diameter. Circtunference. 

•284 foot X 3-1416 = -8922 foot x -417 = -3720 foot 
arc hdc ; so that, the radius being -142 foot, we have — 

•434 X -50 X '^^ = -56854, which is the logarithm 

•142 

of the number 3-70 = K. 
Then,— 

-^ = ^^^ = 12-76 lbs. = T'. 
K + 1 4-7 

and 60 - 12-76 = 47-24 lbs. = T. 

47-24 - 12-76 = 34-48 lbs. = Q. 

211. We have here, therefore, in the springing of the 
rope to h, a loss of 39*34 — 34-48 = 4-86 lbs. in the 
working adhesion Q, caused by our having to transfer 
49-67 — 47-24 = 2-43 lbs. from the working side d c, to 
the return or slack tension side d 6, to prevent slips on the 
reduced arc. (Paragraph 219.) 

This 2-43 lbs. is doubled in eiffect on the latter side, 
because it has been abstracted from the working balance 
in the side d c. 

212. With the whole tension 60 lbs., we cannot in this 
case, on an arc of 180°, reduce the tension T' below 10-33 
lbs. without slipping ; but, if at that minimum tension, the 
bending resistance be only 10 lbs. on a diameter of -71388 
foot, we get the whole working power Q = 39*34 lbs., 
and the rope does not spring, because in T' there is 
10-33 — 10-0 = -33 lb. tension in excess of the bending 
resistance. 

213. Assuming that a tension of 30 lbs. is required to 
bend the rope on an arc of 90® d 6, we hav^ i?B\^ V^fws^ss^ 
just balancing the resistance oi t\ie to^^ \,o\icaSM2k%\'^'Q^ 
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were the pnlley removed and a single falcmm placed at d, 
the weight wonld be found greater than the resistance, so 
that the rope would take the sharper curves d j and d ky 
showing that the BO lbs. resistance on the given diameter 
has reference to an arc less than 90^ ; that is, the arc d b 
forms a succession of leverage distances with fulcrum 




Fig. 44. 



points at l,k,j, &c., supporting the rope in the manner 
shown in Fig. 44. 

214. The factor A is never alone in a case of tension, 
but as the resistance A + B was found by Coulomb to 
vary with the diameter nearly, we shall treat the case as 
if the resistance were all of the nature of A, that is, of 
simple bending. 

Divide the arc db oi 90° into 5 equal parts of 18° each, 
at the points I, k, j, and i, then make the horizontal line 
d c equal to d by and divide it likewise into 5 equal parts 
at the points m, n, o, and p, 

215. Let us assume for simpler illustration that the 
line c d has no weight of itself, but that a pressure of 
80 lbs. is exerted at c in the direction of the arrows con- 
stantly perpendicular to the tangent ; we will then have 
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the point c sinking till it coincides with b at the lower 
point of the arc, with the intermediate points p,Ofn, and 
m, coinciding with the points i,y, /c, and I. But, on re- 
ducing the pressure to 24 lbs., c will rise to h ; a, further 
reduction to 18 lbs. will raise it to ^ ; at 12 lbs. it will 
rise to/; at 6 lbs. to e ; and with all pressure removed it 
will resume its straight line cd, showing that the full 
pressure of 30 lbs. is required not for the parts nearest d, 
but for the final close of the bend at b. 

The arc in contact with the rope at these successive 
reductions is 

30 lbs. = rf 6 = 90° 



24 


„ —di — 72° 


18 


„ — (i; = 64° 


12 


„ — d A; ~ 36° 


6 


„ — dl —1&' 





„ =d == 0° 



90 lbs. = 1 lb. per degree. 

And as the points p, o, w, m, coincide with iyj, k, I, we get 
a like result to the foregoing when, in place of reducing 
the pressure at c, we keep the 30 lbs. constant, but shift 
it to the successive points p, o, n, and m ; showing that 
the resistance A within the rope is a uniform quantity per 
unit of length. 

Further, 

Farts. Bending moment. 

30 lbs. at w, 1 = 30 
or 15 „ „ w, 2 = „ 
,, 10 ,, ,, 0, 3 = ,, 

>> * ^ >> >> Pi ^ ^^ jy 

>> ^ >> >> ^> " ^^^^ >> 

will each bend this particular rope on the arc dl^ the 
point c being here carried down to e. 
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To bend it on the arc d k, the pressure at the respective 
points requires to be 

Parts. Bending moment. 

30 lbs. at n, 10 = 80 

or 20 „ „ o, 1-5 = „ 

» 15 „ „ p, 2-0 = „ 

>» 12 )) 99 c, 2*5 = „ 

the point c is here carried down two parts to /, hence 
the 12 lbs. for c. The 30 lbs. pressure is required at n, 
not for the first unit d I, but for the double unit d k. 

216. Each of the 5 equal parts of the whole arc d b 
takes ith of the whole pressure, but, when the bending 
force is at the outer end c of the line, 30 lbs. pressure 
on reaching h is no more effective for bending on 
the lower part i b with the shorter leverage i h, than 
is 6 lbs. for the first and upper part d I, with the greater 
leverage d c. 

Dividing the arc 62 5 into a greater number than 5 equal 
parts, does not affect the result as regards the total re- 
sistance, because, though the smaller part will require for 
bending less than the 6 lbs. at c, for the greater part dl, we 
have this advantage neutralised by the shorter leverage at 
the close, so that the 30 lbs. at the end c is still required 
to complete the bend to b. 

217. And, as the angle hi b is the same as the angle 
mdl, the angular forces in the case of bending axe of 
uniform value for all points of the arc d b. 

Dividing the lower arc b u into 5 equal parts at the 
points q, r, Sy and t, and lengthening dc to.t(; to make it 
equal to the arc dbu, we find that 30 lbs. is required at 
w to bend the rope completely round to w, the pressure 
being in excess of the bending resistance till the close of 
the bend in the unit t u, 

218. The leverage dwvA twice d c, but there are twice 
the number of equal parts on the rim, with the momeDt 
of bending force equal to 80 for all alike. 
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And, as just now observed, this bending force is a con- 
stant quantity for all points and for any small part of the 
arc d b. 

Thus, if we divide the arc in 90 equal parts, we still 

require 30 lbs. to bend d c round to b ; but, i[ d Ihe only 

30 
■ftVth of d c, we have qt: = '333 lb. required at c ,to bend 

from d to I, and consequently, 

dZ = 90 X '333 lb. = 30 lbs. bending moment. 

219. Thus, for this particular rope, on an arc of 180° 
on the given diameter, as the bending resistance is a con- 
stant quantity of 30 lbs., we have T and T' each necessarily 
exerting force equal to this ; and this force being the 
same in both, affects T and T' similarly to the increased 
tension of paragraph 160. 

And, as the spring of the rope tends to raise it from 
contact with the pulley face, it is clear that the force to 
resist the spring must be additional to the frictional ad- 
hesion Q. (Paragraph 202.) 

The bend upon the driving pulley is made on the side 
T ; and upon the driven pulley on the side T' ; conse- 
quently, each has to overcome the bending resistance once 
on its own side in addition to its own work. 

On the driving pulley, T' merely holds firm the bend 
formed by T at d, Fig. 39, till the limit of the arc of 
contact at/ is reached, where the bending force is liberated 
to allow of the straight course from/ to «, and is recovered 
at e for the new bend there. 

T merely holds firm the latter bend till liberated for 
the straight lead from c to d, but we say simply that T 
and T' in their respective straight lines c d and / e, are 
each taxed to the extent of the bending resistance, so that, 
as in paragraph 93, we multiply this single resistance by 
the number of bends or pulleys to find the whole demand 
upon the driving power. 

As the resistance B is not takexx ixi\iO %i(^<^Qivxx:^» m^ ^'^ 
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the formula regarding tension, we express this question of 
bending resistance thns : 

Q 4- R + axle friction = burden on power. 

In the case of Fig. 42, as the bend is formed by T 
at a, and simply liberated at b of this figure, we might 
suppose that T has no active resistance to overcome; 
but, as the force required to hold the bend is equal to the 
force at the point of formation, B must be contained 
in both. 

In ordinary leather belts, on large pulleys, the bending 
resistance is so small that it may be disregarded, but it 
must be taken into account in the case of stiff rope bands, 
where, to save both band and journals, the whole tension 
T + T' is wanted as near as possible to the requirements. 

220. Supposing the diameter were doubled, we have 
the arcs d b and the horizontal line dc oi Fig. 44 doubled 
in length, consequently with the doubling of the leverage 
we have the given pressure at c exerting twice the power, 
so that, in this case, 15 lbs. at c would bend round to b, 
and 

15 lbs. X 2 length = 30 lbs. bending moment as before. 

On the other hand, were the diameter reduced to one- 
half, we would have the leverage of the pressure at c 
reduced to one-half, so that, as pressure by half distance 
equals half moment, the pressure at c must here be 60 lbs. 
to bend round to b, and we have 60 lbs. X '5 length = 80 
lbs. (See paragraph 309.) 



SECTION XV. 



221. Bopes of hemp or wire are often employed for 
driving bands. Their resistance to bending is greater 
than that of flat leather belts, and as the surface in contiEiot 
with the pulley is less, the pressure per square inch of 
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actnal contact must be greater, and therefore more severe 
upon the material. 

This, however, does not affect the amount of tension 
required for work, because, as friction is independent of 
the extent of surface, we get the same driving power from 
10 lbs. pressure or tension on the narrow line of contact 
with the pulley in the case of a circular rope, that we 
would get from the same pressure supposing the rope flat- 
tened out so as to have a surface of contact many times 
greater. 

222. When we know the weight per foot of a long belt 
or rope working horizontally, as in Fig. 45, we find the 
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tension in the curve a (i 6 by multiplying the whole weight 
of the part between a and h by the horizontal distance a b, 
then dividing the product by 8 times the deflexion c d ; 

whole weight adb x acb 

^— ^ — ; = tension at the pomts of sus- 
pension a and b. This rule, however, applies only to curves 
in which the deflexion is small compared with the span ; 
so that, the flatter the angle of suspension, the closer the 
approximation. 

223. The tension on the lower curve eg/ will, of course, 
be nearly the same as a db in the state of rest, when the 
axles of the pulleys are free to move for adjustment of the 
tension ; so that, supposing e gf to be the return line, the 
driving power has simply to transfer tension from egfio 
the pulling line adb^ paragraph 201, until the tension of 
the latter, minus what remains in egf, is sufficient to 
overcome the load resistance, in the manner ^7;:?^Vk£ei^^ 
with reference to Figs. 84 to 41. 
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224. When a very long band works in an angular direc- 
tion, as in Fig. 46, we must, in estimating the forces, 
employ the angle which it makes in leaving the upper 
pulley at h ; unless the curve A t be such that if continued 
beyond t, so as to hang freely from h to n, the lowest point 
were found at t, so as to show that h i formed one-half of 




Fig. 46. 



wy 



a full catenary curve ; in which case the rule just now 
given would apply, because the tension at h would be the 
same as for a complete curve ; but it would be convenient 
to express the rule for the half-span thus : 

whole weight oihi x ^ span h x 
deflexion a; i x 4 



= tension at h. 



225. The band at each of the points A, i,^', and ky that 
is, where it first touches the pulleys, forms a tangent to 
the pulley circle, and must therefore start at right angles 
io a radial line drawn from the point of contact to the 
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pulley centre ; so that the line A r is always at right 
angles to hp. 

This, however, has no direct concern with the angle of 
suspension, because, in finding the value of the angle at 
h, in relation to the curve, we take it in relation to the 
horizontal line h on, that is, we find the number of degrees 
in the angle xhL 

226. From a table we get the sine of this angle, repre- 
sented by the vertical line I o, hy which we divide the 
weight of the band h i, and have in the quotient the tension 
at the point h. 

As we will explain presently, the sine I o may be drawn 
at any distance from h without affecting its value in rela- 
tion to the angle, but it must always be proportionate to 
the tabular radius. 

The tension at j is found similarly. 

The rule for Fig. 46 is thus expressed : 

weight of ^i . . 

-; ■n-TT 1 n = tension at ^ ; so that, if the weight 

sme of the angle xhl ' ° 

o{ hi equal 100 lbs., and the angle xhl= 40°, the sine 

100 

of which is -64278, we have .-^joto = 155*57 lbs. ten- 
sion at h, (Paragraph 270.) 

227. Or, instead of dividing by the sine, we can multi- 
ply by the cosecant h r, and get the same result ; thus, the 
cosecant of 40° is 1*5557, consequently 100 x 1*5557 = 
155*57 lbs. tension at h, as before. 

228. Sines, cosecants, tangents, &c., as given in tables, 
are merely the relative proportions which the sides of a 
triangular figure bear to one another, when the length of 
one of these sides is employed as the radius to represent any 
given quantity which must stand in the tables as a whole 
number 1*00 ; the other sides being fractionally greater or 
less than 1*0 according to the angle. 

We will here put into visible form the vabie^i ai\j£\a^»s5L^' 
&c., of the angle xhL 

G 
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Let the vertical line h t, in Fig. 46, represent the 100 
lbs. weight of rope h i, and from the centre h draw the 
circular arc tlm; it is clear that h m, h I, and h t are eqnal, 
being radii of the same circle. 

From I draw a line 2 o at right angles to the horizontal 
line m h, and from t draw a horizontal line to cut the con- 
tinuation of the angular line ^ Z at r. We thus have formed 
two triangles, viz., hlo and hrt, the respective values of 
which we will now explain. (Paragraph 237.) 

229. The values of the sides of the triangles are simply 
relative, and are ruled by the enclosed angles, without 
reference to the space enclosed ; hence, as by construction 
between the horizontal and the vertical lines h m and h t, 
enclosing 90°, with the diagonal h r common to the two 
divisions, the angles of the triangle ohl are equal to the 
angles of the triangle hrt, and the sides of the former are 
to one another relatively in the same proportion as the 
sides of the latter. 

The lines h m and t r are horizontal and parallel ; the 
lines o I and h t are vertical and parallel, consequently the 
angles at t and o are right angles, and therefore equal ; the 
angle o hlia equal to the angle h r ty and the angle olh ia 
equal to the angle t hr. 

230. The side o Z in relation to the other two sides of 
its own triangle is proportionately equal to the correspond- 
ing side ht of the greater triangle, and t r to ho ; while, 
as regards the diagonal line, h I is proportionately equal to 
hr; 80 that, if we make the length of either of the two 
vertical lines ol or h t represent the weight of the rope 
h iy the lengths of the other two sides give proportionately 
the angular pull in the direction h r, and the horizontal 
pull in the direction hm or tr. (Paragraph 235.) 

We take the vertical side h t of the greater triangle to 
represent the weight, so that h t Q.a the radius of the arc 
t Im ia termed 1*00, and, having chosen h t, we must 
employ the triangle in which it occurs. (Paragraph 267.) 
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We will in due course explain further how this makes 
no difference to the results, as it is only a choice hetween 
parts and counterparts. 

231. The vertical angle t hr is here equal to 50° ; the 
secant of this angle, which is the same as the cosecant 
of the horizontal angle mhly and is represented by the 
side h r, is 1*6557, which, proportionately, is the tension 
of the band at h, the simple deadweight being 1*00. The 
tangent of 50° represented by the side t r is 1*1917. 

The weight of the band being 100 lbs., represented by 
h t, we have here visibly the vertical pressure acting at 
h, and therefore borne by the axle of the upper pulley, 
equal to 100 lbs. ; the diagonal pull in the direction h r 
is 100 X 1*5557 = 155*57 lbs., as before, when employ- 
ing the horizontal angle ; and the horizontal draw in the 
direction t r, but in reality acting at A in the direction 
h m, is 100 X 1*1917 = 119*17 lbs. 

232. Now, the bracket or framing employed to carry 
the axle of the upper pulley would have to be constructed 
to resist the pressures acting in these three different 
directions, and due allowance would have to be made for 
the additional weight of the pulley and the return line 
of band, the tension in which would be less than on the 
pulling side by the amount of the load resistance. 

233. The slack thrown over from h to the return side 
at j makes the angles at j of lower value than those of 
A, but the manner in which the value is lowered depends 
upon the character for stretching. 

Thus, in a band that does not stretch at all (though, 
as all bands stretch more or less, we merely suppose the 
case), the whole of the difference must come from diffe- 
rence of angle, which would reduce the arc of contact ; 
whereas when it stretches freely, the contraction or lesser 
stretch in the return side being in the same ratio to T' 
as the greater stretch is to T, we may treat th^ «xl^<^^ 
Bij and h as practically equal fox Bkoil B^QiSi<&. 

G 2 
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SECTION XVI. 

234. The diagonal h r, as already remarked, is the 
secant of the angle of 50° thr, and is also the cosecant 
of the angle of 40° mhl. 

This difference in name without a difference in value 
concerns the question of complementary angles, ahout 
which we will speak presently, paragraph 264, when we 
have given a more circumstantial explanation of the sine 
Z, &c. 

285. We may first remark that all the forces at work 
are centred in the point h, and that necessity alone in 
the construction of the diagram places the horizontal 
pull-line t r so far away from h. We have only to 
imagine the remote sides t r or o Z to he radiating from 
the centre A, in common with the other sides, to have 
the action of the three forces of the respective triangles 
rendered clearly apparent ; and, as in this case of all 
radiating from h, we retain the relative lengths that the 
lines possessed when forming the triangles,^ and have the 
angular directions the same, the values are in no wise 
aiSected, because, as before observed, the value is ruled 
entirely by the angle, and not by space enclosed. 

286. It does not matter whether we show the forces 
drawing or pushing ; but as pushing forces are more 
easily explained, we will employ them in Fig. 47 ; and, 
as we are merely giving reasons for previous d^termma- 
tions, we will employ the 100 lbs- weight of band A t 
acting vertically, and the 119*17 lbs. horizontal tension 
tr. 

Thus, let y h equal t r, and v h equal h t, each pushing 
in the direction of its length as indicated by the arrows. 

We will suppose them to be in motion, and that the 
power of each ia expended in moving a distance equal to 
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its own length, both reaching the end of their length at 
the same time. 

Were the forces equal, it is clear that v h would have 
an equal effect in directing the motion downward, toy h 
in directing it horizontally, and the resultant h r would be 
at an angle of 45° ; but, being unequal, y h directs the 
motion as much beyond that middle angle as its power 
exceeds that of vh; so that by the time v h has expended 

4 




Fig. 47. 

itself in moving vertically the distance of its own length 
equal to ht, y h has pushed it along horizontally, until 
the centre of resistance h reaches the level of t at the 
point r. The diagonal line A r is therefore the resultant of 
the forces in the two lines v h and yh; its length is equal 
to the joint angular force of these two lines, and therefore 
oi ht and t r, which are equal to them. And as the 
resultant, when h t ia the radius with the centre at A, is 
equal to the cosecant of the angle with the horizontal, 
as o ^ ^ of Fig. 46, or to the secant when the comple- 
mentary angle r h t is employed, the cosecant or the 
secant, as here indicated, gives the meei.%\vx^ ^i HJcia t<^- 
snltant tension. 
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Expressed in algebraic form, the resnltant is eqnal to 
^ ht^ -^ tr^ =h r; that is, eqnal to the square root of 
h t and t r squared, and added together. Thus, for the 
vertical angle thr oi 50°, h t is the radins equal to 1*0, 
the square of which is 

1 X 1 = 1-0; 

t r is the tangent to the circle at t, equal in tabular value 
to 1*1917, which, multiplied by itself, gives 

11917^ = 1*419. 



We thus have -/ 10 + 1*419 = ^ 2*419 = 1*5657, the 
tabular value of the secant h r. 

We have employed motion in the lines v h and y h 
simply to make the description easier. When the forces 
consist of stationary pressure or tension, the resultant is 
found in the same manner, quantity and direction of 
the pressure or tension standing in the room of the length 
and direction of the motion. 

287. Now, transferring these lines and angles to Fig. 
48, and making h t the radius, describe the arc 1 1 m. 

Then drawing o I paral- in:.__g_ A 

lei to h t, and 2 a; parallel 
to m h, we have o Z, the 
sine of the horizontal 
angle m hi, standing in 
the same ratio to the 
angular radius ^ Z as 
h t to hr; and we have 
I Xy the cosine of the 
angle m h l, in the same ratio with h x, which is by con- 
struction equal to o Z, as < r to A U 

h t h r 

Further, -^ = "IT* ^^ *^** *® *^® ®^® ^^ ^^° ^^ 

1*00 
*64278, we have .q^^IQ ^ 1'5557. 

WhfiD h I coincides with hX^ thexo ia no Md^le, and the 




Fig. 48. 
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tension at h is simply eqnal to the deadweight, whereas 
to raise hi &o as to nearly coincide with h m, the hori- 
zontal force y h oi Fig. 47, has to be so many times 
greater than the mere deadweight, that the band may 
break. On account of this, a band cannot be palled 
straight in a horizontal line between two pulleys that are 
any distance apart. 

238. Let us make the angle mhl equal to 5°. In the 
Table we find that the sine of this angle is 0'08715, which 
is the length of o Z or ^o? when htis equal to I'OO. 

Now ./^orr-i K = 11 '47 times ^ a? is contained in h t, con- 
sequently, 100 lbs. X 11-47 = 1147 lbs. tension at h in 
the direction h I, 

The tabular value of the cosecant of the angle of 5° is 

ust 11*47, when the radius Ai is equal to 1*00, so that 

we may at once find the tension by multiplying the weight 

by the cosecant, or, by dividing it by the sine ; when we 

employ the latter we get 

100-00 lbs. ^^,„„ , . 
'0R71 ^ ^ 1147 lbs. tension at 7i, 

When the angle m A Z is 1°, we have the cotangent = 
57'298, which, multiplied by 100 lbs. deadweight, equals 
5729'8 lbs. tension at h. 
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239. In a catenary curve, which is the form invariably 
assumed by any perfectly elastic body of uniform size and 
substance, such as a rope or chain or belt hanging freely 
between two distant points, the horizontal tension is a 
uniform quantity for all points of the curve ; so that the 
horizontal line t r, is the measure at the lo'^et ^roJJWj ^sw 
well as at the upper; but, the vexlic^i V»eii«v.oii ^ «k^ 



pamt is ssBxpty tiie iragi^ of limd between ihat point 
and the lowest pomt in the rarre ; so that, for any point 
close to, bat not quite at the lowest point in Hie hollow 
of a complete cnrre, the vertical tension is so small tiiat 
ihe resultant k r di£R?rs Terv little from the horizontid line 
of tension t r. 

240. We wiQ assmne that A i is less than half a fall 
cnrve. The angle 'of tension at i, Fig. 46, is in the line 
I z at right angles to a line drawn from the point where 
the band first touches the pnlley lim at i, to the centre 
of the axle e ; that is, the band where it first toaches the 
pnUey forms a tangent to the circle of the rim. 

Prom r in the triangle k r t, we draw the line r w, 
parallel to i ;z, to enable ns to ascertain the proportionate 
strain at t in relation to the strain at A. 

241. Now, when h r represents the tension at h, 
ihe tension at » is represented by r ir, and as the hori- 
zontal line f r is common to both, because of the hori« 
zontal tension being nniform for all points of the curve, 
we have the vertical tension at i represented by the 
fractional length t w ; thereby reducing the vertical ten- 
sion at h from the full weight of 100 lbs., represented by 
h t, for the half curve h i n^ to the smaller weight re- 
presented by h w. 

Let that smaller weight hw he equal to 90 lbs., which 
shows that t w has cut off ^th or 10 lbs. from the weight 
of the full half-curve. 

The angle of suspension thr being 50° as before, the 
tabular or ratio values of the secants, tangents, &c., re- 
main unchanged ; but, as they have to deal now with a 
reduced weight of band, we get reduced results. 

Thus, multiplying the tabular value 1*5557 of the 
cosecant h r, by 90 lbs., we have 140*013 lbs. tension 
at h as the resultant strain of the reduced weight, in the 
room of 165*57 lbs. when the weight is 100 lbs. 

242. To show that the resultant tension is due to the 
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weight of band below the point taken, let A i, in Fig* 49, 
be one-half of a catenary curve hiy, the vertex of which 
is at i, where the tension must be purely horizontal, be- 
cause its direction at that point is perpendicular, to the 
vertical middle line z i, and is therefore horizontal ; and 
as the line of direction xit forms a tangent to the curve 
at i in the same way as A r forms a tangent to the curve 
at h, it follows that as the horizontal tension is the same 
at all points of a fall curve, and is therefore equal at all 
points to the proportionate horizontal line t r, the tan- 
gential tension must disappear in the horizontal tension 
without increasing it, when the tangent to the curve at i, 
and the horizontal line * r coincide ; just in the same way 







y r 



y 



Fig. 49. 

as the tangential tension would disappear and leave the 
100 lbs. simple weight of the band alone in tension, were 
the tangent to the curve, represented by h r, to coincide 
with h t ; because this would show that no horizontal 
force existed to push the force v h, Fig. 47, out of its 
vertical direction. 

243. When the lower pulley is at the vertex or lowest 
point i, it has simply to bear the horizontal tension that 
would be borne at that point by the other half iy oi ihA 
full curve, Fig. 49, the vertical lonsvoTi "Vi^vsi^ ^s*^ \i'5jrs^^ 
at /t, 

g8 
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244. When the lower pulley is, say, at u, so as to give 
the tangential line rw transferred from Fig. 46, we have 
r w plainly in excess of ?• * ; and, as the force in r w is the 
resultant of the two forces w? t andr*,as explained in 
reference to Fig. 47, it follows that as r * for a full curve 
represents a quantity constant for all points between the 
upper and the lower pulleys (the practical pound weight 
value of this quantity being ruled, however, by the weight 
of the tension and the angle of suspension at h), the 
excess in r w is due to the fractional vertical weight w t ; 
consequently, w t must be acting at the point of tension 
on the lower pulley, and must represent the weight of 
band required at u to complete the curve to the vertex t, 
because h t represents the weight of the half-curve h t, 
and h w the weight from h to u. 

245. It must be borne in mind that, with a given 
weight, all difference as regards tension is referable to 
difference of angle, and therefore to the direction of the 
pulling force in relation to the direction in which weight 
naturally gravitates. 

The simple weight remains the same through all the 
varying tensions, just as a pound weight is the same at 
the end of a lever 5 feet long as it is at the end of a lever 
1 foot long : but the effect produced by it at the end of 
the former is 5 times as much as produced by it at the 
end of the latter. 

246. We have been assuming that the distance between 
the pulleys of Fig. 46 is great, and that the band is 
placed upon them so loosely that the tension is derived 
from the deadweight acting freely in the curve. 

It is clear, therefore, that with a given distance between 
the pulleys, the greater the weight of the band, the greater 
wiU be the driving power. 

247. When at rest, as before observed, the tension in 
the two lines will be nearly equal, and the degree of 

stretching will be correspondingly eq;]a«l. 
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The whole tension T,, for the state of rest, mnst be 
sufficient to form T -|- T' for the work that has to be per- 
formed, so that, when the stretch is increased on the side 
T, the contraction on the side T' will take up what T 
gives (paragraph 197), but this has reference mainly to 
very flat angles. 

Were the band non-elastic, the curve in which T acted 
would flatten, and that of T' would become more hollow, 
by reason of the slack thrown over by T. (Paragraph 233.) 

248. As shown in Fig. 46, h i forms only a fractional 
part of a half catenary, but the continuation downwards 
so as to form a half curve, places the lowest point at n. 

249. Let us here suppose that the whole tension T^ for 
the state of rest, is insufficient to give T + T' for the work 
to be performed, consequently, that the band has to be 
shortened so as to increase Tj, by flattening the angles at 
h and j. 

The tangent to this new curve hai lies in the radius 
h Vy and bv is the sine of the new angle mhv. 

The fractional curve hai forms part of a half catenary 
much greater than hin, and as the horizontal and vertical 
forces * q and h t are components of the tension h q, it 
follows that as they must increase or decrease with the 
resultant in their relative proportions, the deadweight h t 
for the resultant A r is less than the deadweight for h q. 
Hence, if we represent A r by the weight e suspended 
from the lower pulley, and h qhy the greater weight /, 
and let the lower pulley c swing downward, employ- 
ing the axle p of the upper pulley as the centre of this 
motion till ^ g^ coincides with A r, so as to make the 
angle mhv equal to m h I, we have in this new posi- 
tion the greater tension h q represented by the weight y, 
which is less than / but greater than e (paragraph 255). 
Before we can make the reason of this clear, however^ 
the varying action of the forces at 3afiLeie!Q^.^oYD5w^^s^*^^^ 
carve must be explained. 
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250. The tangent to the curve at m, Fig. 49, when 
transferred to the point r, gives the resultant rw, and 
similarly, tangents to the points 1 and 2 give the respec- 
tive resultants r 3 and r^;wt represents the vertical 
tension for the curve ui at u; and 1 3 and t 4 respec- 
tively represent the vertical tensions for the curves It 
and 2 i ; that is, for the whole weight of _the curve below 
the point that the respective tangents touch. 

251. When the lower pulley is placed beyond the 
vertex i — say at a — so that the distance i a is equal to the 
distance i u, the vertical tension at a is equal to k; ^ ; the 
horizontal tension to r t, and the resultant to r w, the same 
as for the point u, the tension at the point i being horizon- 
tal only. 

If a be placed higher up, so that i a' is equal to 1 1, 
then the vertical tension at a is equal to 1 8, and the 
resultant to r 3 ; and similarly, when i a" is equal to t 2, 
the vertical tension is equal to £ 4, and the resultant to 
r 4. 

When a is carried up to t/, on a level with h, the ten- 
sions, as might be expected, are there all the same as 
for h, 

252. Now, with reference to the weights e,/, and g, we 
have Bf equal to 90 lbs. (paragraph 241) represented by 
kw, the tangent to the curve at the lower pulley being 
parallel with and represented by r w. 

But, in flattening the curve to ha i, Fig. 46, and then 
sinking the lower pulley till the angle mhv coincides with 
the angle mhl, we have the tangent to the curve at i no 
longer parallel to rw — but, say, to r3, the tangent to the 
point 1 of Fig. 49. (Paragraph 259.) 

The angle mhl oi Fig. 46, or its equivalent hrt of 
Fig. 49, is 40°, as before. 

The three forces — vertical, horizontal, and resultant, 
are again represented by ht, *r, and hr, and the hori- 
zontal and angular tensions at tb.e Iow^t TgvsSXe^ \$^ tr «xA 
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rS; so that, when h t represents the vertical weight 
for the full curve, h 8 represents the weight for the 
part-curve h 1, which we assume to be equal to hai of 
Fig. 46. 

258. As before observed (paragraph 249) hai of the 
angle mhv forms part of a curve hin' of greater span and 
depth than hin for the angle m h I, and the span and depth 
will be still greater when the angle mhv i& increased to 
coincide with m h I — call this greatest curve h i' n" ; con- 
sequently, as the distance between the pulleys is kept 
constant, we ought, in Fig. 49, to have h u and ^ 1 of 
equal length, but on curves of different dimensions, all 
starting 'from the point h, the greater curves hin' and 
hi'n" having their lowest points lower than i, and 
the opposite point of suspension farther distant than y 
from h. 

As this, however, would involve a network of lines to 
represent the respectively different triangular forces h t, 
&c., we think it simpler to employ the single curve hiy; 
the tangent to the curve at the several points i, u, 1, 
and 2, will determine the respective values of the 
different dimensions ; keeping this always in mind, 
that the tangent to the curve, as regards direction ^nd 
angle, is identical with the cosecant of the honzontd 
angle at h. 

254. Though iu, Fig. 49, be empty of weight, when 
the lower pulley is at u, the effect upon the resultant ten- 
sion or the tension in the band at u is the same as would 
be produced there were the part between h and u removed 
and u made the upper pulley for the curve u i ; because 
the deadweight acting vertically at A is as 1 to the cose- 
cant of the horizontal angle at h; and the tension in 
the band at u is as the cosecant of the different horizontal 
angle at that point, to the weight 1 of the band belcy^ \s5c 
ui, when we assume the curve to "be coT£i^\fe\«k ^ws^"V>.*v» 
the vertex or lowest point i, and take u a^ TOfcT^^j ^3a.vo^RSt- 



1^ FQfWKB IS wymnr. 



poiiit in the buid. Consequently, when the lower 
pnlley is at u, we haYe the tension belonging to this point 
borne by the pulley ; and similarly for the other points 1 
and 2. 

255. Now, as the driTing power mnst be measured by 
its weakest point, and as it is weakest at the lower pnlley, 
we have the cosecant of the horizontal angle at u repre- 
senting the driving power ; and, as the driving power is 
greater for the flattened curve hin' than for hin of 
Fig, 46, it is clear that when the angle mhv is opened 
to make it coincide with m h /, and is thereby lowered 
in tensional value by the lessening of the cosecant, we 
have the deadweight — that is, the vertical component 
of the greater tension in the flattened curve hat, so 
in excess of the original weight, that, when we sub- 
tract 90 lbs. as the actual weight of the band borne 
at hy we have more than the original remainder of 
10 lbs. for the weight of curve below u or t at 
the lower pulley, and, consequently, have the work- 
ing tension represented by the weight y for h i' n" 
greater than e for hin, but less than / for h i n!, 
(Paragraph 257.) 

256. By measuring the lines rw, &c., of the diagram, 
we get the forces proportionately, and give a positive value 
to them, when we know the force of any one of these 
lines — say hw for deadweight of band between h and m, 
Fig. 49, — ht being for the full half curve h i, of that 
figure. 

In paragraph 241 we reduced the deadweight from 100 
to 90 lbs — that is, iVth — and now wish to know the hori- 
zontal angle wrt; so that we may get the tabular value 
of the cosecant r w. 

The tabular value of the horizontal tension r t being the 

same for all points of the curve, we employ it here as a 

standard ; and as the deadweight ii; t is as 1 to 10 for h t, 

it IB clear that tor r t, for a weight eqjx«(\ 1 Vn u I \^ \>^ oC 
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equal value to a weight equal 10 in h i, the ratio of r * to 
w t must be as 10 to 1. Hence, — 

Tabular value, lbs. Weight. 

rt = 1-1917 X 90 = 107-253 tension. 
„ = 1-1917 X 9 = 10-7253 ratio. 

lbs. 

wt = 10 X 10-7253 = 107-253 = r « = horizontal ten- 
sion at u. 

Further, we find that 10-7253 is the value of the cotan- 
gent r t for 5° 20' nearly, and that the cosecant of this 
angle is 10-76 nearly ; so that — 

lbs. 

r m; = 10 X 10-76 = 107-6 lbs. = working tension on 
the lower pulley at u. 

As before determined, paragraph 241, the tension at h 
in connection with these quantities is 

lbs. 

A r = 90 X 1-5557 = 140-130 lbs. 

257. Now, as the angular tension at A in h r ior hu 
has 90 lbs., h w, for deadweight, and as we have this 
weight of band constant (disregarding the small difference 
due to difference between the length of the flatter and the 
more hollow curves), we have the resultant tension at h 
in hq for h I, Fig. 46, also due to 90 lbs. weight, so 
that, as the greater tension h q represents greater weight 
in the curve, the number of times h r is contained in hq 
gives the number of times the weight of the curve hin 
for A r is contained in the weight of the curve h i ii for 
h q : thus, assuming that the angle m hqis 35°, the co- 
secant of which is 1-7434, we have 

1-7434 - ion *- 

consequently, when the weight ht iox hin =z 100 lbs., 
the weight oihin' =. 112 lbs. 

258. Further, as * g' is constant for all points from 
i to hy and as it is for 35° equal to 

cotangent, lbs. lbs. 

1-4281 x90 = 128-529 lionzoii\.ai \.evi^\OTi ^H^lv, 
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for the 90 lbs. actual weight of band suspended from that 
point, it must be of equal amount at the point 1 for the 
weight that in effect belongs to 1 i ; therefore 

lbs. lbs. 

112 — 90 = 22 lbs. weight for 1 i, represented in the 

resultant tension r 3 ; and 

90 

— = 4*09 ratio, by which to multiply the tabular value 

of the cotangent for the angle of 35° at h to get in the 
product its tabular value for the flatter horizontal angle 
at 1. 

For convenience, we employ the single curve and single 
triangular figure hrt for the several curves under treat- 
ment ; hence, in the case of the tension due to the angle 
of 35°, h q is represented by ^ r and t q by t r, and 
consequently the horizontal angle at 1 hy t r d. The 
different tabular values employed for the different angles 
named, give the results sought for, 

Gotazigeiit. Batio. lbs. 

1-4281 X 4-09 = 6-84 x 22 = 128-6 lbs. 

And, as 5*84 is the cotangent of 9° 43' nearly, we have 
the cosecant r 3 of this angle = 5*925, so that 

Cosecant. lbs. 

5-925 X 22 = 130-35 lbs. resultant tension in r 3. 
Thus, in flattening the curve from hin to hi n\ we have 
increased the working tension on the lower pulley from 
107-6 lbs. to 130-35 lbs., and 

130-35 - 107-6 = 22-75 lbs. gain in power. 
259. In lowering h q to coincide with h r, we reduce the 
tabular value to equality with h r; but as the curve 
between the pulleys is now flatter than for the original 
catenary hin, we have the resultant tension at 1 approx- 
imating nearer to the resultant tension at h ; that is, the 
cosecants for the horizontal angles at these two points are 
nearer equality, the weight of the arc 1 i being now 
represented by t 3, and the weight of A 1 by A 3 ; con- 
seqaently, the working tension xepxeBenteOi "b^ \k<b -^cv^kt 
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^ on ttie lo'wer pnll^y for h i' n" is greater than that for 
hin, represented by the weight e ; but it must be less 
than for h i n\ represented by the weight/, as we can at 
once make plain by swinging the lower pulley downward 
from ^ as a centre till the two pulleys are in vertical line. 
It is evident that the band in this position will be quite 
loose on the lower pulley, because there is no longer a 
curve to take up the full length. 

We may here observe, however, that it is only where 
power has to be transmitted between two points at con- 
siderable distance that the values of the tensions in the 
catenary curve need be taken into consideration ; because 
in all ordinary cases of inclined or horizontal belting the 
distances are so short, and the curves so flat, that they 
may be regarded as practically straight. 
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260. We have employed different terms in reference to 
the diagonal lines, h r, h q, r w, &c., calling them co- 
secants, secants, resultants, and tangents, and endea- 
voured to make the references plain when the terms were 
changed, but think some circumstantial explanation is here 
necessary before proceeding further. 

261. A tangent to a curve is no more than a line of 
direction which touches the curve on the outside, and is 
at right angles to a radial line between the circle centre 
and the point of contact ; and, being of no definite length, 
is of no value until the angle which it forms with a hori- 
zontal or a vertical line is known, so that the value is 
ruled altogether by the angle. 

Thus, the lines c d and e/, Fig. 41, are tangential to 
the pulley rims ; but, as the lines m p and t r ^1 '^^%- 
48 are also tangents to the circle at \.^€> tc^^t^^^sJCy^^ ^^^S5^!^ 
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m and t, it is easy to see that the term tangent means no 
more than any line from the rim at right angles to the 
radius, nntil we employ it in relation to an angle, when 
it at once assumes a tahnlar value. 

Let us take the horizontal angle mh I, Fig. 46 ; hi 
is the tangent alike to the rope curve and the pulley circle 
at h, and as such, it gives the direction merely of the 
force, and no more ; that is, it simply fixes the numher of 
degrees in the angle that it forms with the horizontal line 
h m OT the vertical line h t, and is quite distinct from 
the tahular tangents m p and t r. 

These latter tangents mp and tr clearly express the 
power of the angles, and, therefore, have a place in the 
tahles, which the tangent to the curve only has not, 
until its length is determined at the points crossed by 
m p and t r, and then it ceases to he termed a tangent, 
as it has become the cosecant and secant of the respective 
angles mhp and th?; Fig. 48. 

The length h I in the diagram is equal to the radius 
of the circle, but we have here employed it for conveni- 
ence to express direction merely. 

262. The resultant has reference to the resolution of 
forces in Fig. 47, and the cosecant or secant to the 
tabular value of the resultant with reference to the angles 
which it forms with the vertical and horizontal lines. 

When determining the forces in the Hues of Fig. 46 
and 48, we employed the sine and cosecant only of the 
horizontal angle mhl; whereas, when we are dealing 
with the vertical angle Iht, we have to employ the co- 
sine and secant of Iht to get the same results. 

268. A brief explanation of the values of the whole of 
the lines in Fig. 48 may sufficiently show the meaning 
of the prefix ** co," and the reason for employing the 
values with the prefix and without. 

The angle npht must necessarily be a right angle in 
order to get the full values of the sines and cosines, &c. 
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A tangent, as before observed, must always be at right 
angles to the radius of the curve or circle it proceeds 
from; so that the tangent mp is at right angles to mA, 
and is, therefore, parallel to the sine o I and the radius 
h t. 

The line r t is a tangent to the circle at *, but as it 
faces the angle Iht, formed with the vertical line h t, and 
belongs, therefore, when the angle mhl i^ employed, to 
what is termed the complementary angle, it is called the 
co-tangent to the angle mhl. 

The line h p i'& the secant, and h r the cosecant of the 
angle mhly and o I equal to A a; is the sine of that angle ; 
the cosine is o /i or Z a?, these two being equal ; the versed 
sine is m o, and the co-versed sine x t, 

264. A complementary angle is simply its difference 
from a right angle 90°; so that as we made the angle 
mhl equal to 40°, the angle Lht i^ equal to the differ- 
ence, viz. 50°, and is complementary to the first, that is, 
it simply completes the full complement of 90°. 

In referring to Tables of Sines, &c., it is simply neces- 
sary to know this, when we require the values of any of 
the lines belonging to the triangle that contains this com- 
plementary difference, because all these lines are dis- 
tinguished by the prefix ** co." 

When we employ the angle Ihty the angle mhl becomes 
the complementary difference, and the prefix *f co " is 
transferred to its lines ; so that now r * = tangent, ^ r = 
secant, Ix = sine, hp •=. cosecant, m^ = cotangent, ol=z 
cosine, a? * = versed sine, and mo =: co- versed sine. 

Thus the horizontal tension r t is the cotangent of the 
angle mhl, and is likewise the tangent of the comple- 
mentary angle Iht, 

265. As regards the three forces, vertical, horizontal, 
and oblique, represented by the three sides of the triangu- 
lar figure, as explained in reference to Fig. 47 > ^^ ^^^ 
not, as before remarked, conned to wk^ ^m«vi ^x'^'^ ^^'^ 
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space within the triangle ; so thai, in actnally measnring 
the forces by the Fig. 47 method, that is, by the propor- 
tionate length of the sides merely, we can use the area 
hlo, or hpm. Fig. 48, or indeed any other possessed of 
the same angles ; and might use either of the areas shown 
in the vertical angle of that figure, viz., xhl or thr^ be- 
cause, by constmction, the three angles therein are the 
same as in A/> m, though their positions in the diagram are 
reversed. 

As the vertical lines, however, o I or mp would have to 
refMresent the simple weight of the belt, in the manner we 
have hitherto made h t represent it ; and as o A or m ^ 
would have to represent the horizontal tension, the action 
is not so plain to observation, because the resultant A Z or 
hp ia thereby made the base of the figure, in a manner, 
perhaps, more consistent with compression than with 
tension. 

266. Moreover, in emplojdng the triangle hpm for direct 
measurement of the sides, we must not think of A m as the 
radius, because, practically, it is taking the place of the 
cotangent t r of the tabular method ; and, as the tabular 
value of the cotangent tr for the angle of 40° mhp is 
1*1917, whereas the radius in the tables is always equal 
to 1*00 simply, it would be confasing to retain this simple 
value of 1*00 for h m, because then the vertical line that 
represents the weight, which we have hitherto treated as 

100 

equal to the radius 1*00, would require to be -t.-iq-trf = 

'83 only; so that, as the horizontal and l^e resultant 
tensions are simply powers of the weight, this would be 
making them powers of a fraction, instead of powers of a 
single whole number. 

267. We therefore find it more convenient to use the 
co-triangle tkr^ the angle trh of which is equal by con- 
struction to the angle mhl. The vertical side h t repre- 
sents at once hoih the radius and the simple weight of the 
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belt; and as we may assume the weight between the 
pulleys, and therefore the side h t, to be always = 1*0, 
while the ratio of the other sides h r and r t, with respect 
to this 1-0, varies with the angle of suspension, and 
increases with the tension as the angle m h I flattens ; 
whereas the sides mp and hp decrease as the tension 
increases, we employ the tabular values of the comple- 
mentary sides h r and r £ as multipliers of the simple 
weight, thereby to get the tension ; or, as in paragraph 
226, we get a like result when we employ the decreasing 
sine Z of the triangle mhp b,8 & divisor of the weight. 

When the angle of suspension has reference to the ver- 
tical line k ty that is, when the angle is thr, the figure 
hpm becomes the co- triangle, and as the tension increases 
with the increase of the vertical angle as the vertex i of 
the belt curve rises, in Fig. 49 we have the secant h r 
of the angle thr increasing in the same degree, and there- 
fore employ it as the multiplier of the weight to get the 
tension in the belt ; the value of the secant h r being here 
the same as when it was termed the cosecant of the hori- 
zontal angle. 
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268. When power has to be transmitted to a distance 
too great for a single span, the band, most usually a rope, 
is supported at intervals by bearing pulleys. 

Now, the pressure upon these pulleys is found by the 
same triangular method that we employed to determine 
the pressures on the pulley axles, in the case of ordinary 
belting. 

269. Thus, in Fig. 50, let a, b, and k, be three inter- 
mediate bearing pulleys. 

Let the distance ak equal dOO{ee\i,cax^\^^ ^^\jkoa^ a\> 
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equal 150 feet ; and let the points a and k be high enough 
above the ground between, to allow the angle of suspension 
at these points to be 40°, with reference to the horizontal 



Fig. 60. 

line ; and let the weight of half the curve between a and k 
equal 100 lbs. 

We require to find the angle of suspension of the shorter 
curve a 6 to hold the greater curve akm balance. 

270. The angle of 40° is too great for practice ; the 
cosecant is little more than one-and-a-half times as much 
as the radius which represents the weight of the rope ; 
consequently the power exerted is equal only to one-and- 
a-half times the weight of rope ; a very small power when 
the work that can be performed is equal only to the differ- 
ence between T and T. 

We employ this weak angle here merely to allow of 
wider range in our comparative estimates for different 
angles. 

271. In the case of comparatively flat angles, when the 
deflexion in the middle is kept constant, and the span 
lengthened or shortened, the tension alters approximately 
as the square of the span, so that, supposing the tension 
to equal 1, and the span 1, the tension will become 4 when 
we increase the span to 2, the square of 2 being 4 ; and, 
when we reduce the span to one-half, or '6, we have 
only one-quarter, or *25 of tension, the square of *5 
being '25. 

272. When we require the tension kept constant, but 
wish to alter the span, the deflexion will vary as the square 
of the span nearly ; so that, if in a case where the span is 
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eqnal to 10, and the deflexion to 1, we increase the former 

to 20, we must increase the deflexion to 4 ; thus, 10 x 10 

= 100, and 20 x 20 = 400, and, as the rule operates by 

400 
the square, we have ^nT) = 4 times the deflexion wanted 

tp keep the tension the same as at first. (Paragraph 279.) 

273. The two spans are respectively 300 and 160 feet. 

We square these lengths, and divide the greater by the 

less, to And the number of times the tension is increased 

in the less ; thus, 300 x 300 = 90000, and 160 X 160 

^^^^^ ., 90000 , ^. 
= 22600 ; then qq^^^ = 4 tmies. 

274. Now, to And the angle of suspension for the shorter 
span, we proceed thus : — 

The vertical line h t represents the weight of rope ; and, 
when we make h t equal to the deflexion = 1*0, we have 

tr = ri 

zi^=ib; 

the cotangent tr equal to * 6 of the half- span ti, Fig. 49 ; 

that is, — 

zb 
so that — = tangent c d. 

hz 
Hence the rule for ordinary practice, — 

— ^^Q^ = tangent to the angle of suspension. 
^ span 

As ht and t i for the lesser span a h are only about one- 
half the value of the greater span a k, while the resultant 
tensions in the two spans have to be the same, it is clear 
that for span a b the resultant h r must be of about twice 
the tabular value of hr for the span a A; ; so that, as ^ r 
for the 40° angle of a A; is 1*6567, we have — 

1*6667 X 2 = 3*1114, the cosecant Ar of IS'' 46' angle 
of suspension in ab. The cotangent of this angle is 

2*9459. 

276. Further, as the half-span is equal to twic^ ii^^ 
cotangent, when the deflexion repieBeii\.e^\>7 ^^ ^^^ \«^- 
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weight in half-span is equal to 1*0, we have by simple 

proportion— 

2 cotang. : radius 1*0 X half-span ^;s; : radius z i or ht 

cotang. 

(2 X 2-9459) = 5-8918 to 1, ratio of half-span to de- 
flexion when the horizontal angle at h is 18^ 45' ; so that, 
as the half- span of a 6 is 75 feet, we have — 

-— -— - = 12-73 feet deflexion of curve. 
6-8918 

When the angle is 40°, we have — 

cotang. 

(2 X 1-1917) = 2-3834 to 1, ratio of half-span to de- 
flexion ; and as the half-span in this case for akia 150 feet, 

we have — — — — =62-94 feet deflexion of curve zL 
2-8834 

276. But, as the rope in the half- span of ab must 
weigh less than in the half-span of a k, we here require to 
determine the difference by first finding the lengths of the 
respective half- curves, and multiplying these lengths by 
the weight per foot to get the respective weights h t, 

277. The rule here is 

>/ {i span)* + t deflexion* = length of half-curve ; so 
that 

\/l50* + i 62-94* = 166-68 feet length of half-curve 
for the greater span a k ; and, as we assumed the weight 
of this length to be 100 lbs. — 

l^Q.QQ = *^^1T^- P®^ ^oot length. 

Again : 

^752 + ^12.73* = 76-49 feet, length of half-curve in 
the smaller space a b, 

feet. lb. lbs. 

Now, 76-49 X '60 = 45-894 weight of half-curve in a 6, 
and 

lbs. cosecant. 

45-894 X 3-1114 = 142-776 lbs. tension, which is 
155-57 — 142-776 = 12-80 lbs. less than is required to 
balance a k. 
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278. This is owing to the weight of the curve inab for 
t£e angle of 18° 45' being 

lbs. lbs. lbs. 

60-00 — 45-894 = 4-106 less than the half-weight. 

We have consequently either to increase the span of 
ab, to raise the weight to 50 lbs., keeping the angle the 
same, or to flatten the curve so as to increase the cosecant 
value, letting the span remain the same. 

We will flatten the curve, and find the new angle 
thus, — 

hr =155-57 lbs. tension « oon x- r x x 

-7— , ^ ^^ , „ :-T-— =8-389 ratio of cosecant to 

h t = 45-894 lbs. weight 

radius for a b. 

8-389 is the cosecant of 17° 10'. 
The length of the curve a Z> at this angle will be less 
than for 18° 45', consequently the weight will be less ; 
but, as the difference is small, we will not seek to deter- 
mine it, but will assume the weight to be as found for 
18° 45', and reversing the last expression, 

lbs. cosecant. 

45-894 X 8-889 = 155*57 lbs. tension mab, balancing 
the tension in a A;. 

Were we to adjust to exactness the angle and weight 
of curve in the given span a b, we would have the angle 
still flatter than 17° 10' to give the requisite resultant 
power to the reduced deadweight. (Paragraph 288.) 

279. We will here transfer the main angles and lines 




Fig. 51. 

from Fig. 48 to Fig, 51, retaining the letters, an^i 
making h the point where the leaxxilaiiV.^ r K ^tA 'va'K ^<^^ 

H 
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the two nneqnal curves meet as tangents to the 
pulley a. 

We will continne mh io $; now, by constrnctiony h m, 
hi, ht, and h s, are equal ; and, as the sides of the triangles 
hxl and hoi are in the same relative proportion to one 
another as are the sides of the greater triangle ft tr, we 
get an equal result by making the radius h I act in the 
room of the cosecant h r. And, as ft tr is also a radius, 
and therefore equal to ft Z, we have ft tr representing the 
same strain on the rope in the smaller span, as ftZ repre- 
sents for the greater ; because, though the weight of r<^e 
in the smaller span is only a little less than one-half the 
weight in the greater span, we have the ratio of hori- 
zontal tension to deadweight of rope in the former a little 
more than twice the ratio in the latter; so that, assuming 
the weight in ab to be '5, and the ratio to be 2 to 1, to 
simplify our estimate, we have '6 for weight, multiplied 
by 2 for double ratio, equals 1*0 ^ the energy of the 
resultant hw; and this is equal to, and balances the 
weight 1*0 of the greater span a k, multiplied by the single 
ratio 1 ; so that the energy in ft Z is also = 1*0, the same 
as in ftti; ; and we have simply to divide the 2 for ratio in 
a 6 by the *5 for weight, to get the 4 for tension in fttr. 
(Paragraph 272.) 

280. We have already remarked, paragraph 265, that 
the values of the sides of the triangles are fixed by the 
angles ; so that a small triangle possessing the same 
angles as a larger one, is of equal tabular value with 
the latter; therefore, the triangle huw is of the same 
value when ft u represents the 45*894 lbs. weight, as 
either of the greater triangles h x q, or ft t y, in which 
respectively we make ft x or ht represent that reduced 
weight. 

281. In Fig. 51, however, with the resultants hi and 
ft w of equal length, ft u and ft a; do not represent the de- 
flexion, as in paragraph 274; so that the cotangents uw 
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and X I cannot be measured as respectively representing 
one-fourth of the whole span. 

Fig. 61 is of use, therefore, merely in connection with 
the tabular values of the angles, and for direct mea- 
surement of the angular forces. Thus, the deadweight 
h u for the smaller curve is shown relatively proportionate 
to ^ 07 for the greater curve, and the other sides are con- 
sequently also in relative proportion, so as to be mea- 
surable by one common scale of units. 

When the vertical deadweight line is made equal to the 
deflexion, as in Fig. 50, the lines of triangular force in 
the smaller curve must be proportioned to a different 
scale of units to that employed for the larger curve ; be- 
cause, while the deflexion of a ^ is 12*73 feet, represented 
by A w = 45*89 lbs., the deflexion of a A; is 62*94 feet, repre- 
sented by ^a? = 100 lbs. : so that 62*94 -e- 12*73 = 4*94 
for hx,iol for hUyVa Fig. 50; whereas, in Fig. 51, they 
are shown in true proportion : 100 -r- 45*89 = 2*18 for 
A a?, to 1 for h u. 

282. We will now reduce a 6 to 75 feet span = 87*5 feet 
half-span, and And the weight and angle for that altered 
proportion. 

The ratio of the spans ak and a b being here as 4 to 1, 
we have 

1*6557 X 4 = 6*2228, equal to the cosecant of 9° 14', 
the cotangent being 6*1515. 

Now (6*1615 X 2) = 12*308 to 1, ratio of half-span to 
deflexion; and 

Vc^'l^J^^^ = 3-048 feet deflexion. 
12*803 

>/37-5'* -h i 3*048^ = 37-665 feet length of half-curve of 
ab; and 

37-665 feet x -60 lb. = 22*6 lbs. weight =zhu. 

But, as this weight of half-curve is less than 1 to 4 
for the weight of ak, we will at once «^"a "Si^tot^^isA*^^ 
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flatter angle that will enable this light weight to balanee 
ak, keeping the half-span still 87*5 feet. 

155-57 lbs, tension ^,^^^ ^ o^. 

22-6 lbs. weight 

The weight of this flatter curve is so little diflerent to 
the weight for 9° 14', that we will consider it unaltered ; 
and, as before, reversing the last question — 

22*6 lbs. X 6*8886 = 155-57 lbs. tension, 

283. Now to show that the rule that has the tension 
and deflexion varying as the square of the span is only 
approximately correct, but that, as the angle flattens, the 
approximation becomes closer, we will put the three cases 
we have just treated into comparative form ; thus — 







Span. 


Batio, square. 




Deflexion. 




Batio deflezioii. 


40° 




800 ft. 


1 


X 


63 ft. 


} 


= 4-98 to 1. 


17° 


10' 


150 „ 


4 


X 


12-73 „ 




8° 


21' 


75 „ 


16 


X 


3-048,, 


= 417 to 1. 



SECTION XX. 

284. As regards the vertical pressure on the axle of the 
pulley a, we have half the whole weight of each of the 
two spans ; that is,' 100 lbs. + 45-894 lbs. = 145*894 lbs. 
for the 800 and 150 feet spans. 

The 155*57 lbs. tension in the rope in the direction of 
the lines hw and hi i^ the resultant of the triangular 
force, and as such, includes the weight of the material, 
because without that weight the tension could not exist. 

285. The tension which is here exerted in two opposite 
directions tangentially to the pulley, is increased or di- 
minished with the angle ; but the deadweight pressure 
upon the axle remains constantly equal to the dead- 
weight of the rope ; and, according to the angles formed 



INTERMEDIATE PULLEY LOAD. 



149 



on the two sides of the pulley, will the line of pressure 
lie nearer to or further from the vertical direction. 

286. We will employ Fig. 52 in finding the line of 
pressure, and will transfer to it the required lines and 
angles from Fig. 51. 

As hi and h w are tangents to the pulley circle at the 
points b and c, it follows that perpendiculars to these 
tangents drawn inward from b and c will meet at the 
centre of the axle a ; and it also follows that a line drawn 
from where the tangents meet at ^ to the centre a, gives 




'.Kg. 62. 

the line of pressure belonging to the forces h w and h I ; 
because the angle a hb is equal to the angle a he, and the 
sides h c and h b are also equal, and so are the sides c a 
and a by the side h a being common to both. 

The whole triangles being, therefore, equal, the forces 
that they represent are balanced on their common base- 
line h a. 

But ^ a is not the resultant of the tangential forces. To 
find it, make h e and h d equal, then draw e n parallel 
to h d, and n d parallel to he; the line ^ n is the result- 
ant or measure of the pressure on the axle when h e and 
hd represent the 155*57 lbs. tension. 

287. We may find the value oi \3DLe t^^g^^^^^ \s^ <^'^- 
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ploying the angles only ; thus, the two right angles sht 
and mht, Fig. 61, together make 90° + 90° = 180°, 
from which we subtract the angles shw and m hi io get 
the angle whlior the 800 and 150 feet spans; so that 
17° 10' + 40° = 57° 10', and 180° - 57^*10' = 122° 50* = 
whl, which we now divide by 2 to get the equal angles 
<? ^ a and d ^ a = 61°25' of Fig. 52. 

We draw the line e d, cutting hn Sit o, ho being equal 
to on. 

Now, we have already shown that by construction 
^ n is the resultant deadweight pressure of the equal 
tensions in the two spans upon the pulley a, and will 
now prove it by figures. 

Let ^o be the radius, with h for centre representing 
one-half of the 145*894 lbs. weight (paragraph 284), that 
is, 72*947 lbs. and let o ^ be the tangent and h e the secant 
of the angle ohe, which is a vertical angle. 

288. The secant of 61° 25' is 2*090 = A^ or h d, and, 
as we use this tabular value as a multiplier of the dead- 
weight to get the tension, the sine being used as a divisor, 
it follows that 72*947 lbs. x 2*090 secant is equal to 
152*459 lbs. tension inhe or hd. 

This tension, however, is 155*57 — 152*45= 8*12 lbs. 
less than the true tension. The reason of this is that, 
as observed in paragraph 278, the angle 17° 10* is too 
great for the exact adjustment of angle and deadweight 
of the flattened curve in the given span. Beducing 
17° 10' to the true angle would increase the 61** 25^ of 
ohe, and consequently would increase the multiplier, 
that is, the secant, 2*09, so as to give 155* 57 lbs. tension. 

We do not here seek a closer approximation, because 
that requires merely a repetition of the process. 

72*947 lbs. X 2*132, the secant of about 62**, gives 
155*57 lbs. tension : but as in flat curves the deadweight 
lessens at a slow rate, while the power of the secant 
increaBeB at a quickly accelerated rate, the true angle will 
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be a very little more than 62°, and the true deadweight a 
trifle less than 72*947 lbs. 

As the half- weight represented by ^ o gives the tension 
h ttj, when multiplied by the secant h e, it follows that the 
tensions h I and h w divided by the same secant, the 
angles in the two sides being equal, gives the total pres- 
sure on the axle ; which, however, as before observed, is 
simply equal to the deadweight of rope in the two half- 
spans. 

289. Treating the angle nhe = 62° differently, so as to 
employ the cosine as multiplier of the tension to get the 
axle pressure, make h the centre, and h e the radius, in 
this case representing 155*57 lbs. tension, then oh is the 
cosine, and o e the sine, so that as '46947 is the cosine of 
62°, or the sine of the complementary horizontal angle of 
28°, we have 

155-57 X -46947 = 73-0254 lbs. pressure = h o. 

2 
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290. From the resultant tension of the pulling side, 
represented by the line hr, Fig. 48, we subtract the 
weaker resultant belonging to the return side, then multiply 
the remainder by the .speed to get the power in motion 
of the band. This question, however, has reference not 
to the intermediate bearing pulleys, but to the pulleys at 
the ends ; and, as the resultant tension of the pulling line 
is equal to T, the other quantities T' and Q are found b 
the rules already given. 

291. The pressure on the axles of the intermediate 
pulleys is, as we have shown, equal simply to the weight 
of the rope added to the pulley weight, and is not affected 
by the angles. 

But the pulley or drum at the end of the line has, in 
addition to its own simple weight, to beat t\i^ ^x^^'SJoaL^ ^\ 
the whole tensions represented by lb.e Te>«v3^\.«cii^^'» ^^^svOsi. 



152 POWER IN MOTION. 

act npon the axle in the manner explained in reference to 
Figs. 11 and 12. 

As the power there, however, is exerted in a horizontal 
direction, whereas here it is exerted at an angle downward, 



m 



Tig, 68. 

the method of finding the line of pressure is better repre* 
sented by Fig. 63. 

292. Let ?ir equal the 155*57 lbs. tension on the rope, 
exerted in the direction of the arrow. 

From r draw the horizontal line r t, and from h draw 
the vertical line h t, and continue it to s ; we have here 
h r •=. cosecant = pulling force, 
r t=i cotangent = horizontal force, 
h t =^ radius = dead-weight, 
for the horizontal angle of suspension at h. 

Then, employing the same unit of weight, make h s 
equal to the weight of the pulley, and draw r e equal and 
parallel to h s, and e s equal and parallel to r h. 

We have now deadweight acting vertically ecyial to t «, 
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and pnlling tension equal to ^ s ; the resultant from these 
two forces is equal to 5 r in direction and measurement, so 
that n w, drawn from the centre a parallel to r s, is the line 
of pressure upon the axle. 

To prove this, let tm he the horizontal component of 
the tension, and s t the vertical ; then, as explained con- 
cerning Fig. 47, tp 18 the resultant, equal to sr. 

But the return tension has here to be considered ; we 
may find a second resultant for it alone, but as that re- 
sultant will coincide, as regards direction, more or less 
nearly with h r, according to the elasticity of the band, 
the flatness of the curve, and the ratio of Q to T, it will 
be found near enough for practical purposes to make h t 
equal to the combined weights of the two tensions at r and 
u, the other sides being proportionately increased in value, 
and h s, the weight of the pulley, proportioned to the 
altered unit ; sr or w a will then be closely approximate 
to the true line of resultant axle pressure. 

293. We may here observe that the tension at the end 
of the line where the power is applied is greater than the 
tension at the end to which it is transmitted, the difference 
being caused by a fractional quantity absorbed at each of 
the successive intermediate pulleys in overcoming the axle 
friction and the bending resistance. 

294. When the intermediate pulleys are all of the same size 
we find the loss of power by axle friction for one, and multiply 
by the number of pulleys. We might assume the whole 
weight to be upon one, and get the same result theoreti- 
cally only, because this aggregate load upon one spindle 
might carry the friction to or beyond the point of abrasion, 
where the ordinary coefficient of friction would no longer 
apply in practice. 

Our explanation of Fig 13 gives the method of deter- 
mining the power required on the rim to overcome the 
resistance on the axle. 

295. When the line requires to "benQL xo\>sA e.arj^^t^*^^ 

H d 
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resultant of pressnre on the axle may be foond by the 
method explained in reference to Fig. 52. 

The pressure in this case, however, is less simple than 
when the line is straight, because, as the curve naturally 
droops in a vertical direction, its weight at the outer point 
of the comer pulley, which lies more or less inclined side- 
wise, acts vertically, so as to put a cross strain upon the 
pulley. 

It would take much explanation to exhibit with pre- 
cision the contrary forces here at work ; we will therefore 
here simply say that it is advisable to have the spans at 
elbows in the line as short as possible ; so as to get a 
light load and a flat curve, that the direction of the curve 
tension in the rope may coincide nearly with the horizon- 
tal angular pull caused by the comer; and it is only 
when this is done that the simple form of Fig. 52 
applies. 

When the comer spans are great, a side twist is given 
to the pulley that materially increases the friction at the 
axle ; because, though, when we neglect the weight of 
the pulley, the axle resistance due to force applied fairly 
in line with the pulley requires the same power at the 
rim when working horizontally as when working verti- 
cally, the deadweight of the tension of great curves, 
when the pulley lies inclined from the vertical, acts with 
leverage represented by the sine c d or </ 1 of the angle 
c g d, Fig. 68. 

With the pulley vertical, we have the deadweight 
acting with simple pressure without leverage in the line 
/ g ; and have the axle resistance and the power on the 
rim required to overcome it, in the ratio of their respec- 
tive radii, paragraph 77 ; whereas, with the pulley work- 
ing in horizontal position in the line e g, we have the 
deadweight acting with whole leverage represented by 
the radius g e = 1*0, and have the ratio of the leverage 
vis g e to a b, as regards simple pressure. It is clear. 
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therefore, that the friction on the journals a and h, with 
the load at e^ mnst be as many times greater than with 
the load at/, as e // is greater than a h. 



SECTION XXI. 

296. Hemp rope stretches more than wire rope under 
strain, and retains more of the stretch in perma- 
nent form ; so that the deflexion of the return line curve 
is increased, and the grip upon the pulley consequently 
lessened, when the return line is the lower one ; the 
defective elasticity preventing the contraction of the 
slack line from keeping upon equal terms with the 
stretching of the working line. 

297. When the return line is the upper one, the extra 
slack thrown over increases the arc of contact and the 
weight ; but this advantage is counteracted by the weak- 
ening of the angle. 

The permanent stretching in excess of the contraction 
is progressive, and, as a very small addition to the length 
of the €urve makes a consider- 
able difference in the deflexion, 
there may soon be a new splice 
needed, unless special means are 
employed to take up the extra 
slack as it is formed. 

298. In the case of short 
lines, jockey pulleys are some- 
times employed ; but when these 
ride on the bottom of the open 
curve, they are of limited appli- 
cation. 

Fig. 54 shows one mode of 
employing them when the rope 
is flexibJe enough to work easily tothi^ y°^^1^ ^"^ "^^^^ 
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derate diameter; and, as the permanent stretching in 
this case mainly affects the curves on the return line, wo 
may place the jockey c on this line, and load it so as just 
to balance the required tension there. 

299. When placed on the pulling line, as it often is, it 
is clear that its force must be equal to T, whereas on the 
return it need be equal only to T. 

When slack from the pulling side is produced by the 
permanent stretching of the band, the resultant tension of 
the return curve is reduced to less than the jockey there 
was loaded to balance ; so that the weight of the jockey 
being now greater than the weight of tension, the jockey 
descends say from c to d, thus taking the extra slack with 
it, and restoring the tension to its original amount. 

300. Fig. 55 shows the jockey acting as in Fig. 54, 




Fig. 56. 

but with less advantage, owing to the bearing pulleys a 
and h being further apart. 

We will suppose the distance a Z> to be so short, and 
the rope to be so light in comparison with the load c, and 
so flexible that the lines h e and a e are practically straight, 
otherwise we would require to treat the case similarly to 
the curves h in, &c., of Fig. 46. 

When the angle fbeis known, we can at once find 
/j&^ tension at d, by dividing tla.e we\%\i^ oi Ik^ iockey 
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c + weight of rope b e a, hj twice the sine of the 
angle. 

We employ twice the sine here because one half of the 
load belongs to the angle/ b e, and the other half iof ae. 
Before, when using the sine singly as our divisor, we 
employed only one-half the whole weight of the curve. 

The length h e, when straight, is equal to the square 
root of the half-span bf squared and added to the de- 
flexion / e squared, thus expressed, V bf^-^-fe^ z=zb e; 
and also, putting the same values into another form, b e^, 
is equal to bf^+f^j so that the distance which the 
jockey will descend when increased slack lengthens the 
line b e may be readily found. 

301. In Fig. 54, we will suppose that 1 foot of hemp 
rope slack has to be taken up ; this will simply let c 
descend 6 inches, whatever be the length from a b to c 
at starting. 

In Fig. 65, we will suppose the half-span to equal 
12*5 feet, and be and ae to equal 15 feet each, and that 
the slack to be taken up is 1 foot ; this will give 6 inches 
to each side, making b e equal 15*5 feet, but c has to 
descend more than 6 inches. 

As we have given only the lengths bf and b e, we 
require to find the deflexion/ e, thus, 

be* = 15^ = 225 

bp = 12-5^ = 156-25 

68*75, the square root of which is 
8*29 feet for the deflexion / e, before the slack comes 
over. 

When the slack is introduced, b e becomes 15*5 feet, 
which is the square root of 240*25, from which we sub- 
tract as before 156*25 for bf, and get 84 for f e, the 
square root of which is 9*16 feet, showing that c has had 
to descend *85 foot to take up '5 foot of increase in the 
length b e. 

When the angles are known, 'we can. ^kn^ \3^^ ^^'^^^'^ 
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of the jockey c, by making the half-span hf, with h as 
centre, represent the radius, equal to the tabular value 
1*0 (the half-span being here a constant quantity), the 
deflexion / e becomes then the tangent, and the rope line 
be the secant of the angle. So that, multiplying the 
number of feet in bfhy the tabular value of the secant, 
gives us the length in feet oi be; and similarly, multiply- 
ing the feet in bfhy the tabular value of the tangent 
gives us the length in feet of b e. 

802. In Fig. 66, we will first assume that the two 
pulleys a and b are on a level with the endless band of 



the curves g zh and tyu; and that the jockey, for some 
reason often arising in practice, can be applied only at 
a point much nearer to g than to h. 

We require to know the tension when the jockey pres- 
sure forms the angle gj h. 

The rules are thus expressed : 

Call the weight of the jockey pulley W, and as this 
weight is here borne unequally at g and h, we will call 
the fractional burden at each of these points w. Then 

w + weight of band gj ^ 

: p T — T — : — = tension at a : 

sme of angle hgj ^ ' 

and similarly, 

w -(- weight of band hj 



Buie of angle ghj 



= tension at h. 
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803. The weight is borne more heavily at g than at ^, 
yet, the tension at these points is equal, because the sine 
at ^ is as much greater than the sine at h as the burden 
of deadweight is greater, so^that, the sine being used as a 
divisor, we have w the greater, and w the less, producing 
equal effect at their respective points of suspension. 

804. When the tension at the point j is wanted, exclude 
the weight of the cord. 

805. When the required tension is given, and W, the 
whole weight of the jockey is wanted, then 

W = tension x (sine of hgj + sine of ghj) — weight 
of band. 

Let the angle ^^j = 5°, and the angle hgj= 20°, 
with sines respectively, 
•08715 

.8420 2 lbs. 
•42917 X 100 = 42-917 lbs. = W. 

806. Now, to get the relative proportions of the unequal 
burdens w w, borne respectively at the two points of sus- 
pension, find the ratio of the sines thus : 

•84202 

'Oft715 ^^ ^^^ parts borne by^ to 1 part by h, so that 

8-92 + 1-0 = 4-92, and 

42-917 lbs. 

— — — = 8-72 lbs. at h, and consequently 84-197 

lbs. at g. 

Then, neglecting the weight of the band, 

8-72 lbs. ,^^„ . . 
'0871^ ~ tension at h, and 

84-197 lbs. ^^^,^ 
.34202 ^ ^^^ ^^^' " " ^' 

807. Let us now assume that the reason of the jockey 
being nearer to g than to h, is on account of difference of 
level, as shown in Fig. 56. 

Let qhhe & horizontal line, and let llie Vcidlsvo^ xs^. 'iJsi-'^ 
curve ^zh be equal to 100 Ibe, as \>eioTe. ^xa'CckK^A^'^ 
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the angle rhs he 10°, and the angle gjh 155° 14' ; then 
draw the line of pressure ji to divide the angle gjh, so 
that gji shall be equal to hji, equal to 77° 37'. 

Next, from the centre j with any radius describe the 
arc g i p, and draw the lines g v and p v perpendicular 
to ji. 

Now, as the angles at j are balanced, the tabular values 
for the whole angle hj g are just double the values for 
the half-angle h j t, and as the tension required in the 
lines h j and gj is 100 lbs. as before, the rule by which 
we ascertain W, the weight of the jockey pulley, to form 
the angle ^j A is thus expressed : 

100 lbs. X 2 cosine vj ^ 
cosine r h 

so that as the tabular values are 

Godne. * 

Ajt = 77°3r = -21445, 
rAs=10°0' =-97629, 
100 lbs. X 2 X -21445 = 42890 ^ . g.qo ii. 
•97629 =-97629 ^* 

308. W is here shown greater because the angle rhs 
has lowered the values of the other angles, so that greater 
weight in the jockey is required to make up the loss 
when the 100 lbs. tension is wanted in both cases. 

309. As bending resistance is inversely as the diameter 
of the pulley, nearly, the jockey-pulley ought to be as 
large as possible. 

For the given angle of deflexion g j A, we will assume 
different diameters of the pulley riding at j ; thus : 

Diameter. Bending Besistance. 

1 foot ... ... -25 

-5 ,, ... ... -50 

0-25 „ 1-00 

The arc of contact for the given deflexion embraces 
the same number of degrees on the rim of each of these 
different diameterB; but, in the case of the 0-25 foot 
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diameter, the resistance due to bending to form the given 
angle g j h, is concentrated in an arc of contact that 
measures in inches only one-fourth the length of the arc 
for the 1 foot diameter ; so that, for the given number 
of degrees in the whole bend, the bend per inch of length 
is 4 times as sharp ; that is, the bending stress per inch 
length of the * 25-foot arc is in the ratio of 4 to 1 for the 
1-foot arc, paragraphs 210 and 220. It follows from 
this that the band will wear out soonest on the smaller 
diameter. 
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310. When the full value of the tension T of an end- 
less band is wanted, a number of turns is taken round 




Kg. 67. 

either one plain drum or a pair of plain or grooved drums, 
as in Fig. 67, as explained in paragraph 176. 

311. Taking the case of the pair of grooved drums, 
the friction of the adhesive grip must be greatest in the 
leading grooves where T is at the maximum, and, as the 
band slides upon the face of the drum in contracting its 
length to correspond with T', paragraph 168, the tear 
and wear in the leading grooves must so exceed that of 
the succeeding ones for the lesser tensions, that, in course 
of time, the working diameter of the drum at t\2L<ek issroiKt 
will be so reduced as to take \ip in \3cLe «kjc\. ol ^\JS^% ^ 



162 POWEB IN MOTION. 

slightly shorter length of band than the less-worn dia- 
meter in the succeeding grooves requires, so that, call- 
ing the leading grooves A, and the succeeding grooves 
B, the band that occupies B must either stretch ex- 
cessively, or else surge back towards A. 

812. Should the band stretch on B, to make up for 
this deficiency of length we absorb uselessly a portion 
of the driving power, because the bending resistance and 
the axle friction are increased by reason of the greater 
tension due to the stretching. 

813. Were each groove in a separate pulley with an 
axle of its own, as in the tackle-block of Fig. 19, any 
difference of this sort would be adjusted by the motion 
of the pulleys, so that B would move as much slower 
than A as the diameter of A was less than that of B. 
But, in this case, the driving power would require to be 
communicated not through the drum, but directly through 
the band, and, in order to get the minimum tension T^, 
only one of the two sets of loose pulleys could be fixed 
in position, because the second set would have to act 
like the lower sheave-block of a set of tackle-blocks ; 
otherwise, if we fixed both sets, the power at B would 
require to be equal to the tension at A, neglecting the 
axle friction and the bending resistance. 

814. It is usual to employ a tension- weight acting 
upon b, Fig. 57, to keep the main lines taut. 

815. It is clear, however, that a load at h must act in 
the same way as the load a on the lower pulley of Fig. 
18, because we must here assume the many lines of rope 
to be acting as one band, nearly, with tension equal to 
the mean pressure tending to bring the two drums to- 
gether, paragraph 191. 

816. To lessen the weight of the counterbalance, there- 
fore, a third and fourth pulley, with more than one groove 
in each, are often used ; so that the return line does not 
directly proceed from d of the main pulley a, but from one 
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of these additional pulleys, and thus, the weight has to 
counterbalance merely the tension T. 

The pulley that has the counterbalance weight acts on 
the same principle as the loaded pulley c of Fig. 65 ; but, 
according to circumstances, its motion may be horizontal, 
the plummer blocks it works in either sliding on their beds 
or moving upon rollers ; the counterbalance weight acting 
vertically at the end of a cord which passes over a small 
pulley, on a level with the plummer blocks. 



SECTION xxm. 

817. The employment of the series of turns round the 
set of two or more drums saves the rope, by economising 
the working tension T. We can economise the tension in 
a much simpler way, but at the expense of the rope, by 
employing the pulley a only, with a single V-groove on 
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Figr- 68. 

the rim, as in Fig. 58, into which the rope is wedged by 
the pressure ; the grip being ruled by the V-angle. 

818. Let adc m Fig. 59 be the V-groove, and r the 
Tope, and let the pressure required between the jaws be 
equal to 60 lbs. 

From d as the centre make tiie wcc ah c, ^evi ^«^ e ^ 
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at right angles to bd; the line e c forms the sine ot the 
angle bdc, and is employed as a multiplier of the whole 
tension to find the pressure required upon the base ec oi 







Figr. 69- 

the wedge e dc, to give a frictional grip upon the side c d 
equal to the tension of 60 lbs. 

819. Let us suppose the angle hdcio equal 80°, the 
sine of which is -600; multiplying this by 60 lbs. gives 
us 80 lbs. as the pressure required upon the base ec, io 
make the pressure on the side c d equal to 60 lbs. acting 
in a direction perpendicular io cd\ so that, as c d forms a 
tangent to the circle of the rope r at the point g, a line 
drawn from the centre r, through the point ^ to A, repre- 
sents the direction of the pressure. 

We get the same result when we divide the 60 lbs. 
tension by the cosecant of the angle : thus, for 80° the 
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cosecant is 2-00, which gives 80 lbs. pressure required at 
the base e c. 

From the lowest point 2 of the circle r draw a horizontal 
line to cut the continuation of the radial line r g at A, then 
r A is the cosecant of the angle irg^ which is by construc- 
tion equal to the angle hdc\ and the three sides of the 
triangle ir g are relatively in the same proportion as the 
sides of the triangle hdc. 

By construction, also, the angle rhj is equal to the 
angle h d c^ and the three sides belonging to each are 
respectively in the same relative proportion. 

Thus, in the lesser triangles, i^ and r) correspond with 
the base ec\ ri and j h with e d ; and r g and r h with c d 
of the V-groove. 

320. We employ the cosecant as a divisor of the com- 
bined 60 lbs. tension in the rope, because, as the grip 
becomes more severe as the angle b dc lessens, there is 
the less pressure needed at the base ec oi the wedge to 
produce a given amount of grip, consequently we require 
the divisor of the tension to increase at a rate corresponding 
with the increase of the grip. 

The secant shortens with the lessening of the angle, 
until it becomes simply equal to the radius, when the 
angle flattens to 0°. We therefore employ the cosecant, 
which increases as the secant lessens, until its power 
becomes what is termed infinite, at the point where the 
latter is reduced to simple equality with the radius. 

Tension, or angular resultant pressure, however, never 
reaches this infinite line. 

321. Were we to employ the angle e c d, which is com- 
plementary to bdCf and, therefore, equal to 60° when the 
latter is 30°, we would use the secant, because in this case 
the thinning of the wedge by the lessening of the angle 
bdc involves the increasing of the angle ecd, and, con- 
sequently, the increasing of its secant, which is the cose- 
cant of the angle bdc. 
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We find it convenient to employ the angle bdc and its 
cosecant ; and will employ only one-half of the whole 
angle a d c, for much the same reason as caused us to 
treat the catenary curve tension separately, for each side, 
at an intermediate pulley, when finding the pressure on 
the pulley, the circle of the rim of which corresponds with 
the circumference of the rope r of Fig. 69 ; but in Fig. 
50 we assumed that the spans were unequal, and, conse- 
quently, that the simple weight of rope on one side was 
greater than in the other ; which is equivalent to unequally 
loading the two half- wedges bdc and bda oi Fig. 59. 

822. These two half- wedges, being of equal angles, will 
be acting equally, so that when we give to the power of 
the angle of one the weight belonging to both, we simply 
get the same as if we had treated each separately with its 
half-share of the weight. 

828. When we employ the whole angle adc^we must 
either double the load or the length e d, when the resist- 
ance, and therefore the thrust, acts in the direction j h ; 
but when it acts in the direction r A we must either double 
the load or the sloping side c d. 

824. Were the jaws of the groove c d and a d not joined 
together at d, that is, were they free to separate by sliding 
horizontally, the line of resistance would be parallel with 
j h ; but being bound together, d acts as a centre for the 
bending leverage of the sides, in which case r A is the 
resistance line. 

825. Let us now make bdc equal to 15°, the sine of 
which is '25881, to be used as a multiplier, and the co- 
secant 8'8687, to be used as a divisor of the 60 lbs. 

Either of these gives us 15*528 lbs. load required at'^c 
to produce 60 lbs. pressure on the side c d ; this is equiva- 
lent to 80 lbs. pressure on each of the two sides a d and 
c d, the same as found for the angle of 80° ; and as this 
pressure on the sides must be multipHed by the coefficient 
of friction for iron on iron for wire rope, we have 60 x 
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•18 = 10*8 lbs. power in frictional adhesion, produced by 
1 5*628 lbs. load on e c, with the angle hdc equal to 15° ; 
the same as we get for 30 lbs. in an angle of 30°. 
. 826. The nipping pressure required between the jaws of 
the groove is equal to 60 lbs. We keep that constant, and 
merely vary the angle, until the power of the sine and 
cosecant are such that a weight equal simply to the fric- 
tional adhesion of the given pressure is sufficient to produce 
that given pressure. 

827. At the angle of 30° a load pressure of 80 lbs. on 
ec gives a nipping pressure of 60 lbs. on cd. Now, cd 
cannot bear this pressure unless there be a resistance equal 
to it in h dy the base of the angle b dc; but, as bdc is only 
one-half of the whole angle adc, the base line b d merely 
marks the division of the two halves, so that before the 
nipping pressure on cd can establish itself it has to stretch 
across to the side ad. In reality the whole base a c is 
loaded, so that each side a d and c diQ pressed indepen- 
dently, and has its pressure reacting on the other. We, 
therefore, employ the action and reaction of one side only 
for the simpler exhibition of the force. 

Were a d parallel with b dy the pressure transmitted to 
it from c d would have a solid abutment, and the 60 lbs. 
pressure would, therefore, react upon c d whole and entire ; 
but, as it lies at an angle of 30° with b dy the transmitted 
pressure tends to slide outward upon the slope, after the 
manner of bodies placed upon ordinary inclined planes ; 
so that a transmitted pressure of 60 lbs. would, in the 
case of the angle bda, meet with a holding resistance on 
the slope a d equal to its own weight, 60 lbs., divided by 
the sine = '60, which gives only 80 lbs. resistance on ad, 
and, consequently, a counter-reaction upon c d simply equal 
to this ; so that the 80 lbs. load pressure on the base of 
the wedge produces in the two jaws a d and c d oi the 
groove a nipping pressure equal to 30 + 80 = 60 lbs. 

828. For convenience, we placed t\ie^^'^^A^^^^'^^'«»- 



168 POWEB IN MOTION. 

sure on the half-base ec,io get the 60 lbs. nipping pressore 
directly by the angle. 

Were we to distribute this 80 lbs. load uniformly over 
the whole base ac, we would thereby have 15 lbs. to each 
half-base ; which would give us 80 lbs. nipping pressure 
in the groove for each side, seeing that we have either to 
find for each half-angle b d c and b d a separately, or, if 
6inplo3dng the whole base to represent the load pressure, 
we have to double the length of the sides of tlie whole 
wedge, thereby making the angle for the whole wedge the 
same as we have for the half- wedge when the load pressure 
is represented by the length of half the base e c. 

829. In the action and reaction of the nipping pressure 
between the two jaws of the groove, we have the forces 
meeting on the balance in the middle line b d, which is, 
therefore, a neutral line ; and it is because of this neutraHty 
that we employ the sine and cosecant of bdc in place of 
those for the whole angle adc. 

880. It is easy to see that as regards frictional resistance 
the pressure of 80 lbs. on each side of the rope is equiva- 
lent to a pressure of 60 lbs. on one side only, such as we 
have when the rope rubs on a plain surface with a tension 
of 60 lbs. ; because we have twice the area of surface in 
contact, so that 2 square inches, multiplied by a pressure 
of 80 lbs., gives 60 lbs., the same as 1 square inch multi- 
plied by 60 lbs. 

881. To find the angle that will reduce the load or ten- 
sion pressure on e c to an equality with the frictional 
adhesion, we divide the 10*8 lbs. adhesion by the 60 lbs. 
pressure and get '180, which is the sine of 10° 22' nearly ; 
the cosecant of which is 5*55719, by which we divide the 
60 lbs., and get 10-8 lbs. load required on «c, to give 60 
lbs. nipping pressure on the side c d. 

882. The sine and the coefficient of friction agree here, 
because the 10*8 lbs. frictional adhesion is, to the whole 
pressure, in the same ratio as the coefficient to the whole 
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number 1*0; or as the sine to the tabular radius 1*0; 
both sine and coefficient being employed as multipliers of 
the pressure to get the fractional effect. 

The sine is a fractional part of 1*0, and represents the 
number of times the deadweight, or radius, is contained 
in the resultant pressure, or cosecant, and the coefficient 
is similarly a fractional part of 1*0, representing the num- 
ber of times the frictional adhesion is contained in the 
pressure, so that, having the coefficient, we may at once 
use it as the sine, when the load pressure e c requires to 
be simply equal to the frictional adhesion of the nipping 
pressure between the jaws. 

In the case of the catenary curves of Fig. 46, the sine 
and cosecant were employed to find the tension produced 
by the angle ; whereas we have here used them to find 
the compression ; the powers of the angles applying equally 
to tensile and compressive strains. 
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833. The friction that occurs in a groove of the Fig. 69 
description is severe upon both groove and rope, because 
the rope on leaving has to tear itself away from the grip, 
and would soon wear through the outer fibres of the strands 
in so sharp an angle as 10° 67' + 10° 57' = 21° 64' for the 
whole groove adc; the angle adcisy therefore, never so 
great as this. 

The rope has to slide inward or downward in the groove 
on entering, and outward on leaving ; and as force is re- 
quired to withdraw it from the grip on the leaving side, it is 
clear that the return tension must supply the releasing force. 

This force, however, in amount is altogether dependent 
upon the angle of the groove, the degree of compressibility 
in the rope, and the coefficient of friction between the two 
surfaces. 

Sometimes a plough is placed m i\ie ^oonq^ ^\» KJc^a^^^sji^ 
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where the rope is required to leave, but this does not 
lessen the frictional wear, nor the force required to effect 
the release. 

In the case of inclined waggon ways, with up and down 
lines, the empty waggons descending balance an equal 
weight of the full waggons ascending, so that the grip of 
the groove need be equal only to the difference. 

834. In Fowler's clip pulley the groove is formed of 
A'l .'A short hinged jaw blocks, repre- 

I A ! ; /\ \ sented in cross section in Fig. 60 ; 

Jy ^\l !/ ^'^\s.^^ in which a and h are the blocks, 

[r\o X ^J ^C)) ^ ^^^ ^ ^^® hinges, e the rope, 
V — -==.:^:^^j7£^l^___.^=,wV and/ the body of the pulley. 
\ ^' / The descent, under pressure, 

\ '^ /of the rope in the groove causes 

^sr- 60. the jaws to close and nip it with 

intensity, increasing with the pressure or tension ; and, 
as the nip is ruled by the tension, it follows that the com- 
pression of the jaws, 80 + 30 = 60 lbs., is no greater 
than we have for the same tension of rope between the 
fixed jaws of Fig. 59. 

Very slight force is required at once to free the rope 
from the grip on the leaving side ; because the jaw blocks 
then open easily on their hinges ; the return tension T' 
has, therefore, less to do than when the jaws are fixed. 

835. As regards the working power of ropes, we will 
here simply give the tables of strengths supplied by R. S. 
Newall & Co. of Gateshead. 

The working and breaking strains given in the two right- 
hand columns, require that ropes composed of the three 
different materials named, viz., hemp, iron wire, and steel 
wire, be respectively of the different circumferences and 
weight per fathom noted in the left-hand columns to be 
of equal strength. 

Thus, the circumference of hemp rope requires to 
be greatly in excess of that iox ixon, oxi^ «\ii51 mox^ in 



excess of that for steel ; the weight per fathom of the 
hemp rope is in excess in nearly the same proportion as 
the circumference. 

Wire rope of ordinary form ia etifier than hemp rope of 
eq^ual strength ; bat, by modifying the form, the flexibility 
may be increased so as to allow the wire ropes freely to 
work round small diameters. 

As we before observed, the stretch that occurs in ropes 
made of hemp renders them less suitable than wire rope 
for driving bands, even though the coefficient of friction 
between hemp and iron is about *50 of the pressure, while 
the coefficient between iron and iron is only '18. 

S36. Table 1. 
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Smaller aizea than the leaet in this first Table are dia- 
tinguished by numbers in Table II., which, however, does 
not give the comparative strengths of hemp. The circnm- 
ierences and the weight per 100 feet aie the same for the 
steel as for the iron, the respective strengths alone being 
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SECTION XXV. 
838. It sometimes happens that a loaded wheel, pro- 
Y means of cords woand round the rim, is required 
to travel up and down an 
inclined or a vertical toothed 
rack. We will here ascer- 
tain how the power of the 
cord is afiected by the angle 
it works at. 

In Fig. 61 let a be the 
centre of a toothed wheel 
and cord drum of equal dia- 
F>s. el. meter, c b; and let b be the 

poini of rest upon the toothed, r&ct, 6sv4, ttietrfoift, th« 
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fulcrum upon which the leverage of the pulley-load 
acts. 

We will assume that the centre of gravity of the 
pulley-load is at the centre of the axle a; conse- 
quently, the load is acting vdth a leverage equal 
to A B, which we will call 1 foot, and will call the 
load 100 lbs. 

339. If we make the cord lead away in the direction 
c dj it is plain that a power of 50 lbs. will be sufficient 
at d to balance 100 lbs. at a, because the leverage c b is 
twice the leverage a b. 

But, if the cord lead away in the direction hg, the 
power required at g must be equal to the load a, because 
the leverage of the power at the point h is simply equal 
to the leverage a b of the load. 

If the pull be in the direction / e, the power required 
will then be as much less than the load, as the load- 
leverage A B is less than the power-leverage o b ; and if 
the direction of the pull be j i, the power required will 
be as much greater than the load, as a b is greater than 
nB. 

If the cord lead in the downward direction Bp, it is 
clear that it can exert no power at all, and that the wheel 
will simply run down the rack, and wind the cord round 
its rim as it runs. 

340. Fig. 62 represents in simple form the changing 
value of the power, according to its ^ ^ ^ ^ 
leverage; the load, and fulcrum, 
and cord lines being all lettered as 
in Fig. 61. ^t 

From the points/ and j, in Fig. 
61, we draw lines perpendicular to 
B, and cutting it at the points o Kg. 62. 

and n ; these perpendiculars are sines of the respective 
angles / a c and j a b. 
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The third perpendicular h a la Ta^\u^ \»o *C£i^ <»x^^> 
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and is common to the two right angles A a c and 

hAB. 

Each of these right angles represents a power of 1*0 ; 
thus, hAB represents a power of 1-0 for the radius ab, 
and hAB + hAo represents a power of two for the radii 
AB+Ac = Ba; hence, the fractional power of a o is 
added to the power 1-0 for a b, to give the power of o b, and 
the fractional power of n b operates simply as the frac- 
tional part of the power 1*0 for a b. 

As the cord line forms a tangent to the circle at each 

of the points c,/, h, andj, 
it is exerting a pull at right 
angles to the radius at all 
these points ; so that were 
the fulcrum at a, a given 
power would act equally at 
all points of the wheel's cir- 
cumference ; whereas the ful- 
crum heing at b, the per- 
pendiculars from the eord 
Fig. 68. lines must all he drawn to b 

in place of to a, as we now do in Fig. 68 ; thus A: b is 
at right angles iofe, Ib to hg, and m b to j i. 

841. The length of the load-leverage a b being 1*0, 
the length of these perpendiculars gives the length of 
the power-leverage. 

To prove this, from b as the centre describe arcs from 
Jc, and I, and m, so as to cross the line c b ; the points of 
crossing coincide respectively with the points o, and a, 
and w, got in Fig. 61 by simply dropping perpendiculars 
to c b from the points /, h, and j on the rim. 

842. To make plain the reason of the power of the 
leverage being as here stated, we will employ Figs. 64 
to 68 to represent in detail the five different positions 
we have assumed for the working cord, the same letters 
Ifein^" used. 
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843. Figures 64 and 68 are simple enough ; b c of 
Fig. 64 is as 2 to 1 for A B ; and a b of Fig. 68 is as 
1 to nothing for the leverage of the power p at b. 





Fig. 6L 



Fig. 68. 



844. In Fig. 65 we assume the points b, a, and k, to 
be the three points of a triangular frame, with the power, 
and load, and fulcrum as shown. 

This arrangement serves merely to show the balance 
between load and power ; because 
here, where the fulcrum is fixed, 
the load a would lise at a rate 
nearly as much slower than the 
motion of the power in the di- 
rection A; ^, as the radius b a is less 
than the radius b k ; whereas in 
the case of the toothed wheel upon 
a rack, the motion of the rim of 
the wheel must be equal to the 
motion of the cord ; and as the 
rim rolls upon the rack, it follows that, as the wheel and 
cord- drum are of equal diameter, the wheel must rise 
bodily at the same rate of motion as the cord, and 
carry the centre a and the fulcrum b along with it; 
but the strain upon the cord varies, as we have shown, 
according to the angle of the pull. 

845. In Fig. 66 we have the po^eT-\e^et«i.%<b ^ \ i^ssss^ 




Fig. 65. 



176 



POWEB IN MOTION. 



equal to the load-leverage b a, so that the two forces \ 
balanced. 





Fig. 66. 



Fig. 67. 



846. In Fig. 67 the power-leverage b m is only a frac- 
tion of the load-leverage ba, so that as b a is 1*0, the 
strain in the cord m i requires to be as much greater than 
the load a, as the leverage b a is greater than b m. 

B w is shown sloping outward, as b * is shown sloping 
inward; but this inclination does not affect the result, 
because the power-lines are tangents to the pulley. 

In Fig. 63 we have made b n represent the leverage of 
b m in Fig. 67 ; the ratio of leverage is the same in either 

case, that is, b n and b m are 
equal, and are merely repre- 
sentative lines, so that it 
matters not whether we show 
the power exerted on the 
outside or on the inside of 
the fulcrum b, so long as 
we keep its leverage in the 
same ratio with the load 
leverage. 

847. In Fig. 69 we apply 
the power on a diameter 
greater than that of the 
toothed wheel. In this case 
Fig 69. B D is the leverage of the 

power, and b a the leverage of the load ; bo that the power 
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must be as mnch greater than the load as b a is greater 
than B D. 

Fig. 70 represents the action of the leverage in 
Fig. 69. 



I lianittniiillitimtlllilniiii>imiiuiiiiiHiiiiiiuniii»imiiiij 





Fig. 70. 

848. Fig. 71 shows a pulley resting on its axle a, with 
a load c borne on one side of the rim, to be raised by 
power in a cord which does not form a tangent to the 
circle at the other side, but is pulled in the oblique direc- 
tion b e across the face of the pulley, and must, therefore, 
be supposed to be attached to a pin on the rim at b. 




.-wtf 



Fig. 71. 

It is plain that were the cord to lead in the direction bf 
it would be powerless for motion, and would only bring 
pressure upon the axle a ; and, as it would have full 
power equal to the force employed were it leading in the 
vertical direction b g, it follows that the moving power in 
the direction b e must be intermediate between no power 
in bf and full power in bg. 

The line hg has the leverage ec^xxal \.o ah, wiNihx^^^'iJ^^siS^ 

I 8 
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the equal leverage a h for the load ; and as a 6 is at right 
angles to the pull b g, so must a d be at right angles to the 
puB b e, the fulcrum of the leverage being here at the 
centre of the axle a. We have, therefore, the leverage of 
the power in b e, equal to a d, acting against the leverage 
a A of the load ;' so that, before the power can balance the 
load, it must be as much greater than the load as a A is 
greater than a d. 

The power here in the line 6 ^ is acting with no more 
effect than the equal power of the weight i in Fig. 72, 




suspended by a cord on the smaller diameter, the radius 
aj of which is just equal to the leverage ad of Fig. 71. 

849. If the cord lead away outward from the pin b in 
the direction b I, as in Fig. 73, we continue the line to m, 
and from k in the line b m drop the perpendicular k a ; 
then the power at I requires to be as much greater than 
the load c as a A is greater than a k ; and the effect of 
the power is the same as if the cord were upon a smaller 
diameter, with a radius equal io ak. 

But supposing the points e in Fig. 71 and I in Fig. 78 
fixed, the power in the line I b wiU cease to have any effect 
upon the load c on the pin b descending to n, because 
then the point k is on the fulcrum a, and, therefore, has 
lost aU leverage for motion. Wheieaa, tke -^o^er vol the 
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line b e of Fig. 71 does not cease its effect upon the load 
until the pin b has passed round to o, so as to bring e, 6, 
and the fulcrum a into one straight line. 

The power is decreasing in its passage from 6 to n in 



..'"- 






Fig. 73. 

Fig. 73; whereas in Fig. 71 it increases till b reaches 
the point JO, where it is at the maximum, the radius ap 
being there at right angles to the cord^ ^, which con- 
sequently forms a tangent to the circle at p. On passing 
p, the power decreases till, as we have said, it is lost at o. 
350. Table of Natubal Sines, Cosines, &c., see page 
180. 
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Angle for deadweight to equal adhesion 
Sine and coefficient of friction 



SECTION XXIV. 
Friction in V-groove severe on rope. 
Fowler's clip pulley 
Strength of wire ropes 
Table I. 
Table II. 

SECTION XXV. 
Loaded wheel on vertical rack 
Different directions of the pull 
Variable value of the power . 
Load leverage, power leverage 
The different cases treated separately 
Leverage 2 to 1, and 1 to 
Leverage 1*14 to 1 
Leverage equal 
Leverage 1 to fraction . 

Power pulley greater than load pulley 

Line of pull, not a tangent to pulley circle, inward 
direction ...... 

line of pull, not a taDgent to pulley circle, outward 
direction ...... 

Table of Natural Sines, &c. . 
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ARCHITECTURE AND BUILDING. 
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18. Principles of Desi^, by E. L. Ghurbett. 2«. 
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22. BUILDING, the Art of, by E. Dobson. Is, Qd. 

23. BRICK AND TILE MAKING, by E. Dobson. Ss. 

26. MASONRY AND STONE-CUTTING, by E. Dobson. New 
Edition, with Appendix on the Preservation of Stone. 2s. Qd, 

30. DRAINAGE AND SEWAGE OF TOWNS AND BUILD- 
INGS, by G. D. Dempsey. 2s. 
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36. BLASTING AND QUARRYING OF STONE, &c., by Field- 
Marshal Sir J. F. Burgoyne. Is. 6d, 

36. DICTIONARY OF TECHNICAL TERMS used by Architects, 
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&o., by G. R. Burnell, C.E. is. 6d. 

67. WARMING AND VENTILATION, by C.Tomlinson,F.R.S. Ss. 
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116. ACOUSTICS OF PUBLIC BUILDINGS, by T.R. Smith. Is.Qd. 

123. CARPENTRY AND JOINERY, founded on Robison and 

Tredgold. Is. 6d. 

123*. ILLUSTRATIVE PLATES to the preceding. 4to. 4s. 6d. 

124. ROOFS FOR PUBLIC AND i^HIVATE BUILDINGS, 

founded on Robison, Price, and Tredgold. Is. Qd. 

127. ARCHITECTURAL MODELLING IN PAPER, Practical 

Instructions, by T. A. Richardson, Architect. Is. 6d, 

128. VITRUVIUS'S ARCHITECTURE, translated by J. GwUt, 

with Plates. 6*. 

130. GRECIAJN ARCHITECTURE, Principles of Beauty in, by 
the Earl of Aberdeen. Is. 

JVbs. 128 and 130 in 1 vol. cloth boards, 7s. 

132. ERECTION OP DWELLING-HOUSES, with Specificahons, 
Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2s. &d, 

160. QUANTITIES AND MEASUREMENTS. With Rules for 
Abstracting, &c. By A. C. Beaton, is. 6d. 
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ARITHMETIC AND MATHEMATICS. 

32. MATHEMATICAL INSTRUMENTS, THEIR CONSTRUC- 
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1 vol. Is. 6d. 

*^* In ordering the above, be careful to say *^ Original Edition,** to 
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on page 4 as in preparation. 

60. LAND AND ENGINEERING SUBVEYING, by T. Baker. 2«. 

61*. BEADY RECKONER for the Admeasurement and Valuation 
of Land, by A. Arman. Xs. 6{2. 

76. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and 
Perspective, and a Description of the Principles and Practice 
of Isometrical Projection, by J. P. Heather. 2s. 

83. COMMERCIAL BOOK-KEEPING, by James Haddon. U. 

84. ARITHMETIC, with numerous Examples, by J. R. Young. 1j?. M. 
84*. KEY TO THE ABOVE, by J. R. Young. Is. U. 

85. EQUATIONAL ARITHMETIC : including Tables for the 

Calculation of Simple Interest, with Logaritluus for Compound 
Interest, and Annuities, by W. Hipsley. \s, 
85*. SUPPLEMENT TO THE ABOVE, Is. 

85 and 85* in 1 vo/., 25. 

86. ALGEBRA, by J. Haddon. 2s. 

86*. KEY AND COMPANION to the above, by J. R. Young. \s. 6<f . 
88. THE ELEMENTS OF EUCLID, with Additional Propositions, 
and Essay on Logic, by H. Law. 2s. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, by 
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by J. R. Young. [/« preparation. 

91. PLANE TRIGONOMETRY, by J. Hann. \s. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. Is. 
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93. MENSURATION, by T. Baker. \s. ^d. 
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131 HEADY-RBOKONER FOR MILLERS, FARMERS, AND 
MERCHANTS, showing the Value of any Quantity of Corn, 
with the Approximate Vcdues of Mill-stones & Mill Work. 1«. 

136. RUDIMENTARY ARITHMETIC, by J. Haddon, edited by 

A. Arman. Is, 6d. 

137. KEY TO THE ABOVE, by A. Annan. Is, ed. 

147. STEPPING STONE TO ARITHMETIC, by A. Annan. Is. 

148. KEY TO THE ABOVE, by A. Arman. Is, 

168. THE SLIDE RULE, AND HOW TO USE IT. With 
Slide Rule in a pocket of cover. 3s, 

*^* New Volumes in preparation : — 

DRAWING AND MEASURING INSTRUMENTS. In- 
cluding — Instruments employed in Geometrical and Mecha- 
nical Drawing, the Construction, Copying, and Measurement 
of Maps, Plans, &c., by J. F. Heather, M.A. [Just ready, 

OPTICAL INSTRUMENTS, more especially Telescopes, 
Microscopes, and Apparatus for producing copies of Maps 
and Plans by Photography, by J. F. Heather, M.A. 

[Just ready, 

SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Including — Instruments Used for Determining the Geome- 
trical Features of a portion of Ground, and in Astronomical 
Observations, by J. F. Heather, M.A. [Just ready, 

*» * The above three volumes form an enlargement of the Author* s 
original work, " MatJiematical Instrummts^^ the Tenth Edition 
of which {No, 32) is still on sale, price Is. 6d. 

PRACTICAL PLANE GEOMETRY: Giving the Simplest 
Modes of Constructing Figures contained in one Plane, by 
J. F. Heather, M.A. 

PROJECTION, Orthographic, Topographic, and Perspective: 
giving the various modes of Delineating Solid Forms by Con- 
structions on a Single Plane Surface, by J. F. Heather, M.A. 

*# * TJie above two volumes, with the Author* s work already in 
the Series, *' Besa-iptii^e Geotnetry," will form a complete Ele- 
mentary Course of Mathematical Drawing, 
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13. CIVIL ENGINEERING, by H. Law and G. R. BorneU. Fifth 
Edition, with Additions, bs, 

29. DRAINAGE OF DISTRICTS AND LANDS, by G.D.Dempsey. 
1*. 6rf. 
With No. 30 {Seepage 2), Drainage and Sewage of Towns, Zs, 
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31. WELL-SINKINa, BORING, AND PUMP WORK, by J. G. 

Swindell, revised by G. R. Burnell. Is. 
43. TUBULAR AND IRON GIRDER BRIDGES, including the 
Britannia and Conway Bridges, by G. D. Dempsey. Is. Qd. 

46. ROAD-MAKING AND MAINTENANCE OF MACADA- 

MISED ROADS, by Field-Marshal Sir J. F. Burgoy ne. Is. ^. 

47. LIGHTHOUSES, their Construction and Illumination, by Alan 

Stevenson. 3^. 
62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 

Additions by E. Nugent, C.E. 2s. 6rf. 
62». RAILWAY CAPITAL AND DIVIDENDS, with Statistics of 

Working, by E. D. Chattaway. \s. 

JVb. 62 and 62* in 1 vol, 3s. Qd. 

80*. EMBANKING LANDS FROM THE SEA, by J.Wiggins. 2s, 

82»». GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by S. Hughes. 3*. 
82***. WATER-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.E. Ss. 
118. CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson. 3s. 

120. HYDRAULIC ENGINEERING, by G. R. BurneU. 3*. 

121. RIVERS AND TORRlTNTS, with the Method of Regulating 

their Course and Channels, Navigable Canals, &o., from the 
Italian of Paul Frisi. 2*. Qd. 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2s. 

159. EMIGRANT'S GUIDE TO NEW SOUTH WALES, 

WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird,B.A. 2s. Gd. 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 

LAND, by James Baird, B.A. [In Preparation. 



FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 2s. 

27. PAINTING; or, A GRAMMAR OF COLOURING, by G. 
Field. 2s. 

40. GLASS STAINING, by Dr. M. A. G^ssert, with an Appendix 

on the Art of Enamel Painting, &c. Is. 

41. PAINTING ON GLASS, from the German of Fromberg. 1«. 
69. MUSIC, Treatise on, bv C. C. Spencer. 2s. 

71. THE ART OF PLAYING THE PIANOFORTE, by C. C. 
Spencer. Is. 
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LEGAL TREATISES. 

50. LAW OF CONTRACTS FOR WORKS AND SERVICES, 

by David Gibbons, la. Qd. 
107. THE COUNTY COURT GUIDE, by a Barrister. Is. 6rf. 
i08. METROPOLIS LOCAL MANAGEMENT ACTS. Is. 6rf. 
108*. METROPOLIS LOCAL MANAGEMENT AMENDMENT 

ACT, 1862; with Notes and Index. U. 
Nos. 108 and 108* in 1 vol., 2s. 6rf. 

109. NUISANCES REMOVAL AND DISEASES PREVENTION 

AMENDMENT ACT. Is. 

110. RECENT LEGISLATIVE ACTS applying to Contractors, 

Merchants, and Tradesmen. Is. 

151. THE LAW OF FRIENDLY, PROVIDENT, BUILDING, 

AND LOAN SOCIETIES, by N. White. 1*. 
163. THE LAW OF PATENTS FOR INVENTIONS, by F. W. 

Campin, Barrister. 2s. 



MECHANICS & MECHANICAL ENGINEERING. 

6. MECHANICS, by Charles Tomlinson. Is. 6d. 
12. PNEUMATICS, by Charles Tomlinson. New Edition. Is. Qd. 

33. CRANES AND MACHINERY FOR RAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. U. 

34. STEAM ENGINE, by Dr. Lardner. U. 

59. STEAM BOILERS, their Construction and Management, by 
R. Armstrong. With Additions by R. Mallet. Is. Qd. 

63. AGRICULTURAL ENGINEERING. BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINERY AND 
IMPLEMENTS, by G. H. Andrews, C.E. Ss. 

67. CLOCKS, WATCHES, AND BELLS, by E. B. Denison. New 
Edition, with Appendix. 35. 6d. 

Appendix (to the Ath and hth Editions^ separately, 1*. 

77*. ECONOMY OF FUEL, by T. S. Prideaux. Is. M. 

78*. THE LOCOMOTIVE ENGINE, by G. D. Dempsey. Is. M 

79*. ILLUSTRATIONS TO THE ABOVE. 4to. As. 6rf. 

80. MARINE ENGINES, AND STEAM VESSELS, AND THE 
SCREW, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. Fifth Edition, revised and augmented, with 
a Glossary of Technical Terms, with their equivalents in 
French, German, and Spanish. 3«. 

82. WATER POWER, as applied to Mills, &c., by J. Glynn. 2s. 

97. STATICS AND DYNAMICS, bv T.Baker. New Edition. \s.U. 

98. MECHANISM AND MACHINE TOOLS, by T. Baker; and 

TOOLS AND MACHINERY, bv J. Nasmyth. 2^. U. 
113*. MEMOIR ON SWORDS, by Col. Marey, translated by Lieut.- 
Col. H. H. Maxwell. Is. 

PUBLISHED BY LOCKNVOOD & CO., 



NAVIGATION AND NAUTICAL WORKS. 



1 14. MACHINERY, Construction and Working, byO.D. Abel. la,6d, 

115. PLATES TO THE ABOVE. 4to. 7s. 6d. 

125. COMBUSTION OF COAL, AND THE PREVENTION OF 

SMOKE, by C. Wye WilUams, M.I.C.E. Ss. 
139. STEAM ENGINE, Mathematical Theory of, by T.Baker. U, 
155. ENGINEER'S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES, by a Practical Engineer. Revised by 
D. F. McCarthy. 3s. 
162. THE BRASSFOUNDER'S MANUAL, bvW. Graham. 28, 6d, 
161. MODERN WORKSHOP PRACTICE. By J. G. Winton. 3s. 

*^* New Volumes in preparation : — 

IRON AND HEAT, Exhibiting the Principles concerned in 
the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Furnace, by James 
ARjrouR, C.E. Woodcuts. [Jiist ready. 

POWER IN MOTION: Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c., 
by James Armour, C.E. With 73 Diagrams. [/« the press, 

THE APPLICATION of IRON to BUILDING STRUC- 
TURES, &c., by Francis Campin, C.E. With Illustrations. 

[In the press. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING, by John Maxton, Instructor in Engineering 
Drawing, Royal School of Naval Architecture and Marine 
Engineering, South Kensington. Plates and Diagrams. 

\In the press. 

MINING TOOLS. For the Use of Mine Managers, Agents, 
Mining Students, &c , by William Morgans, Lecturer on 
Practical Mining at the Bristol School of Mines. 12mo. With 
an Atlas of Plates, containing 200 Illustrations. 4to. 

[In the press, 

TREATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauerman, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Numerous Woodcuts. 



NAVIGATION AND SHIP-BUILDING. 

51. NAVAL ARCHITECTURE, by J. Peake. 3s. 

53». SHIPS FOR OCEAN AND RIVER SERVICE, Construction 

of, by Captain H. A. Sommerfeldt. Is. 
63**. ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 

Practice. 4to. 7s. 6<i. 
54. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 

by R. Kipping. Is. 6<i. 
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8 SCIENTIFIC WORKS. 

64*. IRON SHIP-BUrLDma, by J. Grantham. Fifth Edition, 
with Supplement. 4«. 

64»*. ATLAS OF 40 PLATES to illustrate the preceding, includ- 
ing numerous Modern Examples — *' The Warrior," " Her- 
cules," " Bellerophon," &c. 4to. 38«. 

55. NAVIOATION ; the Sailor's Sea Book: How to Keep the Log 
and Work it off, Law of Storms, &c., by J. Greenwood. 2s. 

83 his, SHIPS AND BOATS, Form of, by W. Bland. Is, Qd, 

99. NAUTICAL ASTRONOMY AND NAVIGATION, by J. R. 
Young. 2s, 

100». NAVIGATION TABLES, for Use with the above. Is, Qd, 

106. SHIPS' ANCHORS for all SERVICES, by G. Cotsell. Is, Qd. 

149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 28, Qd, 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri- 

cultural Chemistry. New Edition, with Index. Is, 

2. NATURAL PHILOSOPHY, by Charles TomUnson. U, 

3. GEOLOGY, by Major-Gen. Portlock. New Edition, with 

Index, is, (Sd, 

4. MINERALOGY, by A. Ramsay, Jun. 3^. 

7. ELECTRICITY, by Sir W. S. Harris. Is, Qd, 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY, 
by Sir W. S. Harris. Is, 6d, 

8. MAGNETISM, by Sir W. S. Harris. 35. 6i. 

Nos. 7, 7*. and 8 in 1 vol. cloth hoards^ Is. 6d. 

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, by Robert Sabine, C.E., F.S.A. 3s. 

72. RECENT AND FOSSIL SHELLS (A Manual of the Mollusca), 
by S. P. Woodward. With Appendix by Ralph Tate, P.G.S. 
6s. 6d.; in clot h bo ards, 7«. 6rf. Appendix separately. Is, 

79»*. PHOTOGRAPHY, the Stereoscope, &c., from the French 
of D. Van Monokhoven, by W. H. Thornthwaite. Is. Qd, 

96. ASTRONOMY, by the Rev. R. Main. New and Enlarged 
Edition, with an Appendix on " Spectrum Analysis." Is. 6d, 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2s, 

134. METALLURGY OF SILVER AND LEAD, by Dr. R. H. 

Lara born. 2s, 

135. ELECTRO -METALLURGY, by A. Watt. 2s, 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 

and enlarged Edition, is. Qd. 
143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 

and Modem Theory of Dew, by C. Tomlinson. Is, 
161. QUESTIONS ON MAGNETISM, ELECTRICITY, AND 

PRACTICAL TELEGRAPHY, by W. McGregor, is. 6d. 

PUBLISHED BY LOCKWOOD & CO., 
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MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICINE, by Dr. Ealph Gooding. 28. 

112». THE MANAGEMENT OF HEALTH, by James Baird. 1*. 

113. USE OF FIELD ARTILLERY ON SERVICE, byTaubert, 
translated by Lieut.-CoI. H. H. Maxwell. Is, 6d, 

160. LOGIC, PURE AND APPLIED, by S. H. Emmens. I*. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONET : with 
an Explanation of the Mode of Transacting Business on the 
Stock Exchange, by Francis Playford, Sworn Broker. Is, 

163. LOCKE ON THE CONDUCT OF THE HUMAN UNDER- 
STANDING, Selections from, by S. H. Emmens. 28, 



NEW SERIES OF EDUCATIONAL WOBES. 

1. ENGLAND, History of, by W. D. Hamilton, bs.; cloth boards, 
6s. (Also in 5 parts, price Is, each.) 

6. GREECE, History of, by W. D. Hamilton and E. Levien, M.A. 

2s. Qd. ; cloth boards, 3s. Qd, 

7. ROME, History of, by E. Leyien, M.A. 2s. 6d. ; cloth boards, 

3*. 6d. 
9. CHRONOLOGY OF HISTORY, LITERATURE, ART, 
and Progress, from the earliest period to the present time. 
2s. Qd. ; cloth boards, 3s. 6d. 

11. ENGLISH GRAMMAE, by Hyde Clarke, D.C.L. 1*. 

11*. HANDBOOK OF COMPAHATIVE PHILOLOGY, by Hyde 
Clarke, D.C.L. Is. 

12. ENGLISH DICTIONARY, containing above 100,000 words, 

by Hyde Clarke, D.C.L. 3s. Qd. ; cloth boards, 48. Gd. 

, with Grammar. Cloth bds. 6s. 6d. 

14. GREEK GRAMMAR, by H. C. Hamilton. Is. 

16. DICTIONARY, by H. R. Hamilton. Vol. 1. Greek- 
English. 2s, 

17. Vol. 2. English— Greek. 2s, 

Complete in 1 vol. 4s. ; cloth boards, 6s.I 

, with Grammar. Cloth boards, 6s. 

19. LATIN GRAMMAR, by T. Goodwin, M.A. Is. 

20. — '■ — DICTIONARY, by T. Goodwin, MX Vol. 1. Latin 

—English. 2s. 
22. Vol. 2. English— Latin. Is. Qd. 

Complete in 1 vol. 3s. 6d. ; cloth boards, 4s. Qd. 

, with Grammar. Cloth bds. 6s. Qd, 

24. FRENCH GRAMMAR, by G. L. Strauss. Is. 

7, STATIONERS* HALL CO\JBT, lAi\>Qc fc^ic:^ YA\A^. 



10 EDUCATIONAL WORKS. 

26. FRENCH DICTIONARY, by A. Elwee. Vol 1. French- 

English. Is, 

26. Vol.2. English— French. 1«. ed. 

Complete in 1 vol. 2«. 6d. ; cloth boards, 3«. Qd, 

, with Grammar. Cloth bds. 4s, 6d. 

27. ITALIAN GRAMMAR, by A. Elwes. Is, 

28. — TRIGLOT DICTIONARY, by A. Elwes. Vol. 1. 

Italian — English — French. 2s, 

30. Vol. 2. English— French— Italian. 2s, 

32. ■ Vol. 3. French— Italian— English. 2«. 

Complete in 1 vol. Cloth boards, 7«. ^d, 

, with Grammar. Cloth bds. 8s, 6d. 

34. SPANISH GRAMMAR, by A. Elwes. U. 

36. ENGLISH AND ENGLISH-SPANISH DIC- 
TIONARY, by A. Elwes. 4s. ; cloth boards, bs. 
; with Grammar. Cloth boards, 6». 

39. GERMAN GRAMMAR, by G. L. Stranss. Is, 

40. READER, from best Authors. U. 

41. TRIGLOT DICTIONARY, by N. E. S. A. Hamilton. 

VoL 1. English — German — ^French. Is. 

42. Vol. 2. German — French — English. Is, 

43. Vol. 3. French— German— English. 1«. 

Complete in 1 vol. Ss, ; cloth boards, 4s. 

, with Grammar. Cloth boards, 6«. 

44. HEBREW DICTIONARY, by Dr. Bresslau. Vol. 1. Hebrew 

—English. 6«. 
, with Ghttmmar. 7«. 

46. : Vol. 2. English— Hebrew. Ss. 

Complete, with Grammar, in 2 vols. Cloth boards, 12«. 

46*. GRAMMAR, by Dr. Bresslau. U, 

47. FRENCH AND ENGLISH PHRASE BOOK. 1*. 

48. COMPOSITION AND PUNCTUATION, by J.Brenan. 1*. 

49. DERIVATIVE SPELLING BOOK, bv J. Rowbotham. l«.6rf. 
60. DATES AND EVENTS. A Tabular View of English History, 

with Tabular Geography, by Edgar H. Rand. [InFreparation, 



NEW BEADING BOOKS, 

Adapted to the Requirements of the Revised Code, entitled 

THE SCHOOL MANAGERS* SERIES. 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary 
Canon of Ely ; formerly H.M. Inspector of Schools. 

s. d. ! s, d. 

First Standard ...03' Fourth Standard . . . 10 
Second „ .... 6 | Fifth „ ...10 

Third „ ....08' Sixth „ ... 1 2 

PUBLISHED BY LOCKWOOD k CO., 



EDUCATIONAL AND CLASSICAL WORKS. 11 

GREEK AND LATIN CLASSICS, 

With Explanatorj Notes in English. 



LATIN SERIES. 

1. A NEW LATIN DELECTUS, with Vocabularies and 

Notes, by H. Young la, 

2. C^SAR. De Bello Gallico ; Notes by H. Young . . 2«. 

3. CORNELIUS NEPOS; Notes by H. Young . . . U. 

4. VIRGIL. The Georgics, Bucolics, and Doubtful Poems ; 

Notes by W. Rushton, M.A., and H. Young . U, Qd. 

6. VIRGIL, -^neid ; Notes by H. Young . . . 2«. 

6. HORACE. Odes, Epodes, and Carmen Seculare, by H.Young 1«. 

7. HORACE. Satires and Epistles, by W. B. Smith, M. A. U, Qd. 

8. SAIiLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A . ls,ed. 

9. TERENCE. Andria and Heautontimorumenos ; Notes by 

the Rev. J. Davies, M.A is, 6rf. 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rev. J. Davies, M.A 2s, 

11. TERENCE. Eunuchus, by Rev. J. Davies, M.A. . Is, Qd, 

JVbs. 9, 10, and 11 1» I rol. cioth boards^ 6s. 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 

with Notes, &c., by J. Davies, M.A. {Just ready,) , , \s, 

14. CICERO. De Amicitia, de Senectute, and Brutus ; Notes 

by. the Rev. W. B. Smith, M.A 2s, 

16. LIVY. Books i., ii., by H. Young . . . . 1«. ^d, 
16*. LIVY. Books iii., iv., v., by H. Young . , , \s, 6rf. 

17. LIVY. Books ixi., xxii., by W. B. Smith, M.A. . Is, ^, 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . . . , 2s, 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2s, 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott. M.A., 

of O.ueen's College, Oxford \s, 6d. 

7, STATIONERS' HALL C0\3B.T, \.\3DGtfiLl.^ ^YUU. 



12 EDUCATIONAL AND CLASSICAL WORKS. 



GREEK SERIES. 



1. A NEW GREEK DELECTUS, by H. Young . , Is. 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young . . U. 

3. XENOPHON. Anabasis, iv. v. vi. vii., by H. Young . 1«. 

4. LUCIAN. Select Dialogues, by H. Young . . . 1«. 

5. HOMER. Hiad, i. to vi., by T. H. L. Leary, D.C.L. U. 6d, 

6. HOMER. Hiad, vii. to xii., by T. H. L. Leary, D.C.L. U. Qd. 

7. HOMER. Hiad, xiii. to xviu., by T.H. L. Leary, D.C.L. Is. 6d. 

8. HOMER. Hiad, xix. to xxiv., by T. H. L. Leary, D.C.L. Is. Qd. 

9. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. Is. Qd. 

10. HOMER. Odyssey, vii. to xii., by T. H. L. Leary, D.C.L. Is. 6d. 

11. HOMER. Ody8sey,xiii.toxviii.,byT.H.L.Leary,D.C.L. Is. Qd. 

12. HOMER. Odyssey, xix. to xxiv. ; and Hymns, by T. H. L. 

Leary, D.C.L 2s. 

13. PLATO. Apologia, Crito, and Phaedo, by J. Davies, M.A. 2s. 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.C.L. Is. Qd. 
16. HERODOTUS, Books iii. iv., by T. H. L. Leary, D.C.L. Is. 6rf. 

16. HERODOTUS, Books v.vi. vii., by T.H.L. Leary, D.C.L. ls.6d. 

17. HERODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.C.L. Is. Qd. 

18. SOPHOCLES. (Edipus Tyrannus, by H. Young . . U. 
20. SOPHOCLES. Antigone, by J. Milner, B.A. ... 2s. 
23. EURIPIDES. Hecuba and Medea, by W. B. Smitb, M.A. Is. Qd. 
26. EURIPIDES. Alcestis, by J. Milner, B.A. . . .Is. 
30. -ffi:SCHYLUS. Prometheus Vinctus, by J. Davies, M. A. . Is. 
32. -S:SCHYLUS. Septem contra Thebas, by J. Davies, M.A. Is. 

40. ARISTOPHANES. Acharnenses, by C. S. D. Townshend, 

M.A Is.Qd. 

41. THUCYDIDES. Peloponnesian War. Book i., by H. Young Is. 

42. XENOPHON. Panegyric on Agesilaus, by LI. F.W.Jewitt ls.6d. 
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ENGINEERING, SURVEYING, &C. 

f 

Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con* 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. \jn the press, 

*<>* In accumulating information for this volume^ the Author has 
been very liberally assisted by several professional friettds^ who have 
made this department of engineering their special study. He has thus 
been in a position to prepare a work which^ within the limits of a 
single volume^ will supply the reader with the most complete and 
reliable information upon all subjectSy theoretical and practicalf con- 
nected with water supply. Through the kindness of Messrs, Ander- 
son^ Bateman^ Hawksley, Homersham^ Baldwin Latham, LawsoUj 
Milne, Quick, Rawlinson, Simpson, and others, several works, con' 
structed and in course of construction, from the designs of these gentle" . 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOULOWING WILL BE TREATED 

IN THE text: — 

Historical Sketch of the means that have been proposed and adopted for the Supply 
of Water. — Water and the Foreign Matter usually associated with it. — Rainfall and 
Evaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 
Sites for Water Worlu. — Wells. — Reservoirs. — Filtration and Filter Beds. — Reservoir 
and Filter Bed Appendages. — Pumps and Appendages. — Pumping Machinery.— 
Culverts and Conduits, Aqueducts, Syphon^ &c. — Distribution of Water. — ^Watcr 
Meters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 
stant and Intermittent Supply. — Suggestions for preparing Plans. $:c. &c., together 
with a Description of the numerous Works illustrated, viz : — ^Aberd««cv^ ^v&feVst^v 
Cockermouth, Dublin, Glasgow, Loch Katrine, L.wcrpoo\,'N^»Sk.Oa«sXKt»"^^'^^''^»s?^ 
Sunderland, and several others; with copies of l\veCoxi\x*cX,T>«.NOSk-K&,»sA'^V^'=-^^ 
OitioD in each case. 



2 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic^ 
Railway, Bridge, and othA Engineering Works, &c. By William 
HuMBER, Assoc. Inst. C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c Price 3/. 3^. half morocco.* 

List of the Plates, 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Victoria Station and Roof— L. B.& S. C. Rail i to 8 Mr. R. Jacomb Hood, CE. 

Southport Pier 9 and 10 Mr. James Brunlees, C.E. 

Victona Station and Roof— L. C. & D. & G. W. 

Railways iitoisA Mr. John Fowler, C.E. 

Roof of Cremorne Music Hall x6 Mr. William Humber, C.E. 

Bridge over G. N. Railway 17 Mr. Joseph Cubitt, C. E. 

Roof of Station — Dutch Rhenish Railway .. iSandig Mr. Euschedi, C.E. 

Bridge over the Thames— West London Ex- 
tension Railway 20 to 24 Mr. William Baker, C.E. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames 26 to 29 Mr. Peter W. Barlow, C. £. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, C. E. 

and W. H. Barlow, C.E. 

Underground Railway 34 to 36 Mr. John Fowler< C. E. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely lithographed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engineer, 

Humberts Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c. Price 3/. 3J. half morocco. 

List of the Plates, 

NAME AND DESCRIPTION. PLATES. NAME OP ENGINEER. 

Birkenhead Docks, Low Water Basin i to 15 Mr. G. F. Lyster, CE. 

Charing Cross Station Roof— C. C. Railway. 16 to 18 Mr. HawksHaw, C.E. 

Digsweil Viaduct — Great Nordiem Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, CE. 

Iron Permanent Way. 20* — — 

Clydach Viaduct — Merthyr, Tredegar, and 

Abergavenny Railway 21 Mr. Gardner, C.E. 

Ebbw Viaduct ^ ditto ditto ditto 22 Mr. Gardner, C.E. 

Colle|;e Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

DubUn Winter Palace Roof 24 to 26 ..Messrs. Ordidi & Le Fenvre. 

Bridge over the Thames — L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, C.E. 

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



- " A fvjs»w/ c^all the more interesting and important wotks lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings, with full working 
detsdls, will be foimd a valuable accessory to the profession at mrge." — Engineer, 

"Mr, HniabeT has done the profession eood and true service, by the fine collectioa 
ofexamj^Ies he has here brought before tne ^Hrofessvotv Mid mt 'givj^iYv:,'*— Prac<ic«/ 
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Humberts Modern Engineering, Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photographic Portrait of J. R. M 'Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3^. half 
morocco. 

List 0/ Plates and Diagrams, 



Bridge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 
gent's Canal. 
Middle iicvel Sewer. Junction with Fleet 

Ditch. 
Outfall Sewer. Bridge over River Lea. 

Elevation. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Bridges over Marsh Lane, 

North Woolwich Railway, and Bow and 

Barking Railway J[unction. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. . 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Details. 
Reservoir. Plan. 
Reservoir. Section. 
Tumbling Bay and Outlet. 
Penstock. 



Outfall Sewer. 
OutfaU Sewer. 
Outfall Sewer. 
Outfall Sewer. 



South Side. 

Outfall Sewer. Bermondsey Bninch. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Reservoir and Outlet 
Plan. 



MAIN DRAINAGE, METROPOLIS, 
continued—' 



Reservoir and Outlet 
Reservoir and Outlet. 
Reservoir and Outlet 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Filth Hoist 
Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Section of River WalL 

Steam-boat Pier, Westmmster. Elevation. 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overflow and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outletat Savoy Street Sewer. 
Penstock. 

Overflow and Outletat Savoy Street Sewer. 
Penstock. 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Junction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press, 

" Mr. Humberts works— especially his annual * Record,* with which so many of our 

readers are now familiar — ^fill a void occupied by no other branch of literature 

The drawings have a constantly increasing value, and whoever desii'es to possess cleat 
representations of the two great works carried out by our Metropolitan Bbard will 
obtain Mr. Humbei's last \wivae.**—Engineertng. 

•* No engineer, architect, or contractor should fail to preserve these records of* works 
which, for magnitude. Have not tl^ir parallel in the present dav, ho student in' the 
profesdon but should carefully study the details of these great works, which he may be 
one day called upon to imitate." — Mechanics* Magazine. 

" A woric highly creditable to the industry oi \\s a>aJQa.ot . . "^^^^"^S^t^^^ 

an encycJo!pasdia for the study of the student viVvo A»sa«s Xo ^^^'^^coT M««ww«^« 

municipsd dradnagc on its acftle of greatest d«vAo5iEttft.uX. — Froctwi 

ytmmal. 



4 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humberts Modern Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3^. half-morocco. 

List of the Plates and Diagrams, 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Abbey Mills Pumping Station, Main Drainage/ 

Metropolis i to 4 Mr. Bazalgette, C.E.^ 

Barrow Docks 5 to 9 Messrs. M^^lean & Stillman, 

Manquis Viaduct, Santiago and Valparaiso [C.E. 

Railway 10, 11 Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. 12, 13 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to 16 Mr. J. Hawkshaw, C.E. 

Road Bridge over the River Moka i7i «8 Mr. H. Wakefidd, C.E. 

Tel^japhic Apparatus for Mesopotamia .\. . 19 Mr. Siemens, C.E. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E. 

St. Gmnans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei, C.E. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., and 

William WUson, C.E. 

Milroy's Patent Excavator 32 Mr. Milroy, C £. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in- 

Chief, and Mr. T. M. 
Johnson, C.E. 

Harbours, Ports, and Breakwaters a to c 

The Letterpress comprises — 

A concludhig article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c. 



Opinions of the Press, 



€$ ' 



Mr. Humber's * Record of Modem Engineering' is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practical information in the form of fuU descriptions and 
working drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present volume of the ' Record ' is not a 
whit behind its predecessors." — Mechanics^ Magazine. 

" We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr. Humber. The accuracy and general excellence of this work are well 
known, while its usefulness in giving the measurements and details of some of the 
latest examples of engineering, as carried out by the most eminent men in the profes- 
sion, cannot be too highly prized." — Artizan. 

** The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library." — Mining 
journal. 

"No one of Mr. Humb^s volumes was bad ; all were worth their cost, from the 
mass of plates from ireiJ-executed drawings which, they couxamedi. In. \Kv& te&pect, 
pct^ps, this last volume is the most valuable that ^e author Yas 'ytodcoiMdu* — Froc- 



WORKS PUBLISHED BY LOCKWOOD & CO. 5 

Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E., and M. Inst 
M. E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6j. 6d. half- 
bound in morocco. \_Recently published, 

** A. very valuable contribution to the standard literature of civil engineering. In 
addition to elevations, plans, and sections, large scale details are given, which verv * 
much enhance the instructive worth of these illustrations. No engineer would wil- 
lingly be without so valuable a fund of information. " — Civil Engineer and Architects 
youmcU. 

^ " The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction. These 
investigations are exceedingly complete, having evidently been very carefully con- 
sidered and worked out to the utmost extent that can be desired by the practical man. 
The tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our rG?Aexs."—Ariizan. 

" Mr. Humber's stately volumes lately issued — in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among oiur 
most eminent engineers, are drawn and specified in great detail" — Engineer. 

Weale^s Engineer s Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price dr. 

" There is no work published by or without authority, for the use of the scientific 
branches of the services, which contains anjrthing like the amount of admirably 
arranged, reliable* and useful information. It is really a most solid, substantial, suid 
excellent work ; and not a pag^can be opened by a manof ordinary intelligence which 
will not satisfy him that this praise is amply deserved. ** — Army and Navy Gasette, 

*' A vast amount of really valuable matter condensed iifto the small dimen- 

• sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it wiH. prove a handy book of reference on a Variety of subjects more 
or less intimately connected with their profession. It might also be placed with 
advantage in the hands of the subor4inate officers in collieries." — Colliery Guardian. 

" The assignment of the late Mr. Weale's * Engineer's Pocket-Book* to Messrs. 
Lockwood & Co. has by no means lowered the standard value of the work. It is too 
well known among those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
sustains the reputation the work has so long enjoyed. Every branch of ensu\e«nsi% 
is treated of, and facts, figures, and data ofevery kind abouswi." — MecKatvici Mag. 

" It contains a laree amount of informadon pecuiViaxV^ v^va^Xe \» ^^^^^'^v x*jao^i 
use it is compiled, we cordially commend it to the tmscafcccvtvi ^sva «ODavi 
professions generally.^'—MiMtng yaumal. . -as^taW 

"A multitude of useful tables, without reference t - * * "^ ^-.-**v*«t. 
or contractor coaJd scarcely get through a smg\e da.y 



multitude of useful tables, without reference to ^YtM^^^v^ '^^Sm^kew*** 
tractor comld scarcely aret throush a sme\e ^N*» n»otV. — :>cien»v 
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Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive .Engines, and the effect of Inclined Planes 
and gradients. By Peter. Barlow, F.R.S., Mem. Inst, of France ; 
of the Imp. and Ro3^1 Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
r.R.S., Mem. of Council Inst. C.E., to which are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R.S., William 
Fairbairn, F.R.S., and David Kirkaldy; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c The whole arranged and 
edited by William Humber, Assoc Inst C.E., and Mem. Inst 
M.E., Author of ** A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c. &c. Demy 8vo, 400 pp., 
with 19 laige Plates, and numerous woodcuts, price iSf. cloth. 

Opinions of the Press, 

VTIus edition has undergone considerable improvement, and has been brought down 
to the present date. It is one of the first books of reference in existence."— ^r/M»M. 

I' Although issued as the sixth edition, the volume under consideration is worthy of 
being resided, for all practical purposes, as ap entirely new work . . . the book 
is undoubtedly worthy of the highest commendation, and of an honourable place in 
the library of every engineer."— AfmiiWjf yournal. 

"An increased value has been given to this very valuable work by the addition of 
a large amount of information, which cannot prove otherwise than highly useful to 

dxose who .require to consult it The arrangement and editing of this 

mass q/L information has been imdertaken by Mr. Humber, who has most ably fulfilled 
.a task requiring special care and ability to render it a success, which thb edition most 
certainly is. He has given the finishmg touch to the.volume by introducing into it 
an interesting memoir of Professor Barlow, which tribute of respect, we are sure, will 
be appreciated by the members of the engineering profession." — Mechanics^ Magazine. 

"A book which no engineer of any kind can afford to be without. In its present 
form its former value is much increased."— C^Zti^^ Guardian. 

" The best book on the sutnect which has yet appeared. .... We know of 
no work that so completely fulfils its mission. .... As a ^entific work of the 
first class, it deserves a foremost place on the bookshdves of every civil engineer and 
practical mechanic." — English Mechanic, 

'* There is not a pupil in an engineeriog school, an apprentice in an engineer's or ' 
architect's office^ or a competent clerk of works, who will not recognise in the scientific 
volume newly given to circulation, an old and valued friend. . . So far as the strength 
of timber is concerned, there b no greater authority than 'BaxXomJ'—'BuildiHg News. 

" It is scarcely necessary for us to make any comment upon the first portion of 
the new volume.^ .... Valuable alike to the student, tyro, and experienced 
practitioner, it will always rank in future, as it .has hitherto done, as the standard 
treatise upon this particular subject" — JSugineer. 

*' The present edition offers s6me important advantages over previous ones. The 
additions are both extensive and valuable, comprising experiments by Hod|;kinson on 
the strength of cast-iron ; extracts from papers on the transverse strength of beams by 
W, H, Bsurlow ;. soi. tix^& on the strength of columns ; experiments ^ Fairbairn, on 
iron and steel pUtes, on the behaviour o£ ^xders su^^ccxcd 10 ^bA vibration of a 
changing load, and on various cast and wrou|>ht-iroii beskxns ; wcyarga,tx>X&\pa "^v fy iN j)e ^ ^ 
on wrougbt-iron and steel bars, and a short appendVx ol lottaMiufc lac t«eA^ «:^\«a.^Q\i 
ia computing the strains on bridges,"— J£>*^fn*mng:. 
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S trains, FormulcB & Diagrams for Calculation of, 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Fonnulaeand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBER, Assoc. Inst. C.E., &c. Fcap. 8vo, with nearly 100 
Woodcuts and 3 Plates, price yj. dd, cloth. 

It is hoj>ed that a small work^ in a handy /ortnt devoted entirely to Bridge and 
Girder Calcttlations^ without giving more than is absolutely necessary far the complete 
solution of practical problems^ will meet with ready acceptance from, the engineering 
profession. One of the chief Jfeatures of the present work is the extensive appiicatioti 
pf simply cotistructedniAG^iAMS to thecalcuUUion of the strains on bridges ana girders. 
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'I To supply a universally recognised want of simple formulae, applicable to the 
varied problem^ to be met with in ordinary jnactice, Mr. Humber, whose works on 
modem en^neering afford sufficient evidence of his qualifications for the task, has 
compiled his 'Handy Book.* The arrangement of the matter in this little volume is 

as convenient as it well could be The system of employing diagrams as a 

substitute for complex computations is one justly coming into great favour, and in that 
respect Mr. Humber's volume is fully up to the times.**'-^Engineering. 

"The formulae are neatly expressed, and the diagrams good." — Athemeum, 

"That a necessity existed for the book is evident, we think ; that Mr. Humber has 
achieved his design is equally evident .... We heartily commend the really handy 
book to our engineer and architect readers.'* — English Mechanic. 

" It is, in fact, what its name indicates, a handy -booh, .... giving no more than 
is absolutely necessary for the complete solution of practical problems." — Colliery 
Guardian. 
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This capital litde work will supply a want, oftoi found by engineers, viz., of 
having the requisite formulae for calculating strains in a complete form, and yet suffi- 
ciently portable to be carried in the pocket .... Almost every formula tHat could 
possibly be required, together with diagrams of strains, is put concisely, yet clearly, 
in a work of considerably less size than an engineering pocket book.*' — Artizan, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5^. cloth. 

Contents . — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Carders with triangu- 
lar bracing Loaded at centre ; JDitto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical 
Struts and Diagonal Ties; Calculation of the Strains on Ditto; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders j Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geod^^ 
and Practical Astronomy, and Formulae aivdTiJcAe&Vst::^"Mi^J3&a^«^ 
their Calculation. By M AJ0R-G^1^B.^X1* T^oiJiB., ^."S*. ^ ^^^s»jf«^^»^- 
General of Fortifications, &c. Third 'EAVWow, xeNSsfc^i.^ v^^^^^^*^' 
With 10 Plates and 113 Woodcuts. TcLov«2l%ho^ \as. eNsSco.. 
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Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, i6j. cloth. 

*»* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short Veirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels; catchment-basins; hydrostatic and hydraulic pressure; 
water-power, &c. &c. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&f. 6d, cloth. %• Trautwine on Curves, separate, price 5^. 

" One of the most important text-boolcs for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume."— .^f/MMf^ youmal. 

** The text-book on levelling in most of our engineering schools and colleges." — 
JSnginrer. 

"The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work.** 
— Engineering. 

Tunnelling. 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Smking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub- Excavating, Timber- 
ing, and the construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles and 
Tractict of Levelling," &c &c Second Edition, revised by W. 
Davis Haskoll, Civil Engineet, AuxYiox ^i "The Engineer's 

Field-Book, " &c. &c. With 16 large ioVding "P\a.Vw& wi^ tcosmrq's^ 

Woodcuts. Imperial 8vo, i/. u. clolK 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, Smitlw, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst. 
C.E., Author of ** Elementary Principles of Carpentry," ** History 
of the Steam-Engine," &c. Fifth Edition, much improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, \2s. cloth. 

\* Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price of, cloth. 

The High-Pressure Steam Engine, 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated ixoro. the .German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates, 
8vo, 16^. (}d. cloth. 

" A work like this, which goes thoroughly into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library. "—CS'/^tf/w Shipping Chronicle, 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 3J. 6d. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advantage as regards the rapidity 
of work They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement that will recommend them to all practical men.^ — Engineer. 

** Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest hchmd."-~Aihenar4m. 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT C\^CXrs^KS^ 
CURVES for RAILROADS. B7 AoYW C . Tikk»'\i^\^^ ^^*'^ 
oiihe Umted States (extracted itomSm>iLs'^^«tV o^Vie*^^^^^^^^- 
Syo, $s. sewed. ^ 
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Estimate and Price Book, 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c. 
With Specifications for Pennanent Way, Telegraph- Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c., required in the execution of Public 
Works. By W. Davis Haskoll, C.E, Plates and numerous 
Woodcuts. Published annually. Demy 8vo, cloth, dr. 

" As furnishing a variety of data on every conceivable want to civil engineers and 
contractors, this hook has ever stood perhaps unrivalled."— \^rrA//^r/, Jan. 21, 1871. 

*' The care with wHich the particulars are arran|[ed reflects credit upon the author, 
each .subject being divided into tables under their own special heads,' so that no 
difficulty arises in finding the exact thing one wants. The value of the work to the 
student and the experienced contractor is inestimable." — Mechanics Mag., Feb. 3. 

" Mr. Haskoll has bestowed very great care upon the preparation of his estimates 
and prices, and the work is one which appears to us to be in every way deserving of 
confidence.'* — Builder^s Weekly Reporter^ Jan. ay, 1871. 

" Mr. HaskoU's book will prove of the utmost possible utility- to the profession. 
The particulars are equally adapted to all branches of engineering. The manner in 
which the specifications are given leaves nothing to be desired, and to many young 
engineers they will prove invaluable. Even in the hands of those having some expe- 
rience the book will often serve to call attention to matters which in the haste of 
estimating might otherwise be foreotten. It is altogether a work which few practising 
eAgineers will care to be ynf^^a^xtr—'MiniHg yournal, Feb. 11, 1871. 



Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. , 
Author of "The Engineer's Field Book," ** Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price I2j. 6d. doth, 
with 14 folding Plates, and numerous Woodcuts. 

" ' Land and Marine Surveying' is a most useful and A^ell arranged book for the 
aid of a student .... We can strongly recomtmend it as a carefully-written 
and valuable text-book.** — Builder^ July 14, 1808. 

" He only who is master of his subject can present it in such a way as to make it 
intelligible to the meanest capacity. It is in this ^t Mr. Haskoll excels. He has 
knowledge and experience, and can so give expression to it as to make any matter on 

which he writes, dear to the youngest pupil ma surveyor's office The 

work will be found a useful one to men of experience, for there are few such who will 
not get some good ideas from it ; but 'it is indispensable to the young practitioner." — 
Colliery Guardian^ May 9, x868. 

** A volume which cannot fail to prove of the utmost practical utility It 

is one which may be safely recommended to all students who aspire to become clean 

and expert surveyors ; and from the exhaustive manner in which Mr. Haskoll has 

placed his long experience at the disposal of his readers, there will henceforth be no 

excuse for the coinpiaint that young practitioners are at a disadvantage, through the 

neglect of their sauors to point out tne importance oi tcoxvuXa d^ba^Us^ since they can 

t^endJly supply the deAciency by the study 01 die voVume iww utAw coxkSL^«.t^\Q\C^~. 

'^y^tytal, Mays, 1868. 
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Fire Engineering, 



FIRES, Fire-engines, and fire brigades, with 

a History of Manual and Steam Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire-Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for, Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T.Young, C.E., 
Author of ** The Economy of Steam Power on Common Roads," 
&c. With numerous Illustrations, Diagrams, &c, handsomely 
printed, 544 pp., demy 8vo, price i/. 4J. cloth. 

*' A large well-filled and useful book upon a subject which possesses a wide and 

increasing public intefest To such of our readers as are interested in the 

subject offires and fire apparatus we-CBn. most heartily commend this book. . .' . . 
It is really the only English work we now have upon the subject,** — Engineering. 

" Mr. Youn|^ has proved by hisprefsent work that he is a good engineer, and pos- 
sessed of suffiaent literary enei^gy to produce a very readable and interesting voltune.'* 
— Engineer, 

*' Fire, above all the elements, is to be dreaded in a great ci^, and Mr. Young 
deserves hearty thanks for the elaborate pains, benevolent spirit, scientific knowledge, 
and lucid exposition he has brought to hear upon the subject ; and his substantial book 
should meet with substantial success, for it concerns every one who has even a skin 
which is not fireproof." — Illustrated Limdon News. 

"A volume which must be reearded as the text-book of its subject, and which in 
point of interest and intrinsic value is second to no contribution to a special depart- 
ment of history with which we are acquainted. * Fires, Fire-Engines, and Fire 
Brigades* is the production of an earnest and diligent writer who comes to the task he 
has undertaken with a thorough love of it, and a firm determination to do it justice. 

. . . . The style of the work is admirable It has the surpassing 

merit of being thoroughly reliable." — Insurance Record. 

" That Mr. Young's treatise is an exhaustive one will be admitted when we state ^ 
that there does not appear to be anything within the scope of his comprehensive title 
that has been left unnoticed. An immense amount of the^ most varied information 
relating to the subject has been collected from every conceivable source, and goes to 
form a history full of abiding interest. Great credit is tmquestionably due to Mr. 
Young for having brought before the public the results- of his exploration in this hitherto 
untrodden field. We strongly recommend the .book to the notice of all who are in 
any way interested in fires, nre-engines, or fire-brigades." — Mecltanic^ Magazine, 

Earthworky Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s. (td. cloth. 

" We can cordially recommend the work to the notice of our readers."— ^BwriWiVt^ 
News. 

** As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculadon of eardi- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculautions 
required in the engineers' contractor's offices." — Artizan. 

** The object of this little book is an investigation of all the principles requisite for 
the measurement and calculation of earthworks, and a consideration of the data fvus-^sir 
.sary for such operations. The author has evidently bestovf «,d xsvvss^ cax^ vsv ^'SsssacsM^ 
this object, and points out with much cleaxivess the tcso^xs tA \o& 's-w^ ^^"^^I^So^^^^- 
derived from practical eiq)erience. The subjects tEeaXed. ol >xfe ««^TB£^f»»w^^*^ 
executed diagrams and instructive examples. — Army and Navy CJoi»eue« 
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Field-Book for Engineers. 



THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
• Engineer. Second Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surve3ring and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument ; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep cal- 
culated for every 6 inches in depdL With numerous wood-cuts, 
i2mo, price I2J. doth. 

**A very useful work for the practical engineer and surveyor. Every person 
enffaeed in engineering field operations will estimate the importance of such a work 
and ue amount of valuable time which will be saved by reference to a set of reliable 
tables prepered with the accuracy and fulness of those given in this volume."— i?a//- 
way News, 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, die 
genuine traverse tables existmg all the sajRit**-^Athgnaum. 

''The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering pcoiesaon.— Mining 
youmaL 

** We know of no better field-book of reference or collection of tables than that 
Mr. Haskoll has given." — Ariizan. 

" A series of tables likely to be very useful to many civil engineers." — Building News. 

*• A very useful book of tables for expediting field-work operations. . . . The present 
edition has been much enlarged." — Mechanic^ Magazine. 

"We strongly recommend this second edition of Mr. HaskoU's ' Field Book' to- all 
classes of surveyors." — Colliery Guardian. 

Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation ot Railways for 
Public Traffic ; embracing an Account of the Principal Works exe- 
cuted in the Construction of Railways ; with Facts, Figures, and 
• Data, intended to assist the Civil Engineer in designing and executing 
the important details required. By G. Drysdale Dempsey, C.E. 
Fourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Woodcuts, and Portrait of George Stephenson. 
One large vol. 4to, 2/. I2j. 6</. cloth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 

Thomas Stevenson, F.R.S.E., M.I.C.E. Reprinted and en- 

larged from the Article "Harbours," in the Eighth Edition of " The 

EncyclopaediA Britannica." With 10 "PUles aiA nMmwous Cuts. 

Svo, lar. 6d. doth. 
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Bridge Construction in Masonry^ Timber, and 
Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 410, price 2/. I2j. dd, 
half-morocco. 

*' One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-day practice of the railway engineer. ... A work of 
the jpresent nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engitteering. 

" We must express our cordial approbation of the work just issued by Mr. Haskoll. 
.... Besides examples of the best aud most economical forms of bridge construction, 
the author has compiled a series of estimates which cannot fail to be of service to the 
practical man. . . . The examples of bridges are selected from those of the most notable 
construction on the different lines of the kingdom, and their details may consequently 
be safely followed." — Railway News. 

** A very valuable volume, and may be added usefully to the library of every youn^ 
cagmeer.— Builder. 

*' An excellent selection of exampleSj^ very carefully drawn to useful scales of pro-- 
portion. " — A rtizan. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Inst. C.E., Author of "Practical Tunnelling," &c. &c. Third 
Edition, with a Description of the Theodolite, together with Instruc- 
tions in Field Work, compiled for the use of Students on commenc-- 
ing practice. With numerous Cuts. i2mo, price 3 j. td. cloth. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
' OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &-. cloth. 

*^ The small remaining slock of this worky which has been un- 
obtainable for some time^ ha^ just beef I purchased by LoCKWOOD & Co, 

I 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, \2s, cloth. 

** The standard text-book for all engineers regarding skew arches, is Mc. tvksJi!.^ 
treatise, and it -would be impossible to consult a better." — Engi»ieer. 

"A very complete treatise on the subject, re-e«\ted\>^lAT.^accVy«,-«>a^^^^^ 
to it a method of making the requisite calcuAaUot^ vaOaouX ^^ wsfc 'A xxvifso. 
formulae. ''—-BMilder. 
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Wealds Series of Rudimentary Works. 

These higbly popular and oheap Series of Books, now comprising 
nirq^ards of Two Hnndred and Fifty distiliot Works in almost every 
department of Science, Art, and Bducation, are recommended to the 
notice of Bngineers, Architects, Builders, Artizans, and Students gene- 
rally, as well as to those interested in Workmen's Ijibrarles, Free 
Ijihraries, Ijiterary and Scientific Institutions, Colleges, Schools, Science 
Glasses, Ac., ftc Ijlsts of the several Series may be had on application 
to IiOCEWOOD AsCO. 

The following is a Selection of the Works on Civil Engineering: — 

STEAM ENGINE. By Dr. Lardneb. m. 

TUBULAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dempsev. iA fxi. 

STEAM BOILERS, their Construction and Management. By R. Akmstkong. 
Widi Additions, is, 6d. 

RAILWAY CONSTRUCTION. By Sir M. Stephenson. New Edition, M.jSd, 

STEAM ENGINE, Mathematical Theory of. By T. Baker, xs. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practical Engineer. Revised by D. F, McCarthy. 3^. 

LIGHTHOUSES, their Construction and Illumination. By Alan Stevenson. 3*. 

CRANES AND MACHINERY FOR RAISING YiEANY BODIES, the Art of 
Constructing. By J. Glynn, ix. 

CIVIL ENGINEERING. By H. Law and G. R. Burnell. New Edition, sj. 
DRAINING DISTRICTS AND LANDS. By G. D. Dempsey. xs.6d. ) The 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By h vols, in i, 
G. D. Dempsey. ar. J . 3*. 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindell ; 
Revised by G. R. Burnell. js, ' 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoyne^ xs. 6d. 

AGRICULTURAL ENGINEERING BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, C.E, 3*. 

ECONOMY OF FUEL. By T. S. Prideaux. m. 6d. 

EMBANKING LANDS FROM THE SEA. By J. Wiggins, m. 

WATER POWER, as applied to Mills, &c By J. Glynn, a*. 

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND 
DISTRIBUTING COAL GAS. By S. Hughes, C.E. 3*. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S. 
Hughes, C.E. 3*. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATION 
OF THE NEEDLE. By T. Fenwick, with Additions by T. Baker. 3j. &/. 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stevenson. 3*. 

HYDRAULIC ENGINEERING. By G. R. Burnell. 3^. 

RIVERS AND TORRENTS, with the Method of kegulating their Couree and 
Channeb, Navigable Canals, &c., from the Italian of Paul Frisl 2J. 6d, 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By 
C. Wye WiLUAMS, M.I.CE, 3*. 

WATER POWER, as applied to Mills, &c By J. Glynn, jm. 

MARINE ENGINES and STEAM VESSELS and the SCREW. By Robert 
Murray, C.E, Fi/th Edition, 3*. 

MNGINEER'S GVII>^ TO THE ROYAL AND UlE.^CKSnW'E. IX AYIES, 
JBya Practicai. J&NciNBBR, Revised by D. F. McCx^twj. 
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ARCHITECTURE. 

". • 

Construction. 

THE SCIENCE of BUILDING : an Elementary Treatise on 
the Principles of Construction. Especially adapted to the Re- 
quirements of Architectural Students. By E. Wyndham Tarn, 
M.A., Architect. Illustrated with 47 Wood Engravings. Demy 
8vo, price 8j. 6d, cloth. [Recently published. 

** A very valuable book, which we strongly recommend to all studcats.**~-£uiider. 

** A modest and valuable book of reference for the student. » . . The formulae wiU 
be found perfectly intelligible and available by the class for whom they are intended.*' — 
Aiherueum. 

"While Mr. Tarn*s valuable little wlume is quite sufficiently scientific to answer 
the purposes intended, it is written ftn a style that will deservedly make it popular. 
The diagrams are numerous and exceedingly well executed, and the student who has 
been warned not to read small print at night may safely study the present volume, as 
the type is bold and clear, and the lettering of the ec[uations and formulae so separated 
from the immediate text, that they can be at once identified and distinguished. The 
treatise does credit alike to the author and the publisher. "-r£»,^%n^^ Feb. 17, 1871. 

"No architectural student should be without this hand-book of constructional 
knowledge." — Architect. 

"The book is very far from being a mere compilation ;. it is an able digest of 
information which is only to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality. 
.... Mr. Tarn has done his work exceedingly well, and he has produced a book 
which ought to earn him the thanks of all architectural students. The book is clearly 
printed in bold type, the wood-cuts are all well executed, and the work is made of a 
very convenient size for reference.*' — Engineering. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 

Series of Designs for Villa Residences in various Styles. With 

Detailed Specifications and Estimates. By C. Wickes, Architect, 

Author of " The Spires and Towers of the Mediaeval Churches of 

England," &c. First Series, consisting of 30 Plates ; Second 

Series, 31 Plates. Complete in i vol., 4to, price 2/. icxr. half " 

morocco. Either Series separate, price i/. *js. each, half morocco. 

" The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive to architects, students, and 
amateurs." — Building News, 

The Architect's Guide, 

THE ARCHITECTS GUIDE ; or. Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c By W. DAVIS 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, 1 2mo, cloth, price y. 6d, 

Vitruviui Architecture. 

THE ARCHITECTURE 0¥ M.k'eLCA3'S> ^"^^T^^ 
VOIAAO. Translated by JOSE.PK Gvi\u\i, Y.'si^K., ^.^^• 
- IVumerous Plates. i2mo, clotb.Ai.tap, "^tvc^ S*» 
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The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS ; comprising Advice to 
those who, while yet at school, are destined to the Profession ; to 
such as, having passed their pupilage, are about to travel ; and to 
those who, having completed their education, are about to practise. 
By George Wightwick, Architect, Author of " The Palace of 
Architecture," &c. &c Second Edition. With nimierous Wood- 
cuts. 8vo, 7j., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a " Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7j. 6^., boards. 

Contents. — I. Practical Rules on Drawing — Outlines. IL Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c &c 

Cottages, VillaSy and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/. u., cloth. 

Wealds Builders and Contractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(Lock WOOD & Co.'s, formerly Weale's). Published Annually. 
Containing Prices for Work in all branches of the Building Trade, 
with Items numbered for easy reference, and an Appendix of 
Tables, Notes, and Memoranda, arranged to afford detailed infor- 
mation, commonly required in preparing Estimates, &c. Originally 
Edited by the late Geo. R. Burnell, C.E., &c. i2mo, 4$*., cloth. 

" A multitudinous variety of useful information for builders and contractors 

With its aid the prices for all work connected with the building trade may be esti- 
mated." — Building News, 

** Carefully revised, admirably arranged, and clearly printed, it offers at a glance a 
ready method of preparing an estimate or specification upon a basis that is unquestioor 
able. A reliable book of reference in the event of a dispute between employer and 
employed." — Engineer. 

*' Well done and reliable. It is the duty of a just critic to point out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objections 
in his clearly-printed book. We therefore recomniend it to all branches of the pro- 
fession." — English Mechanic. 

*' Mr. Burnell has omitted nothing from this work that could tend to render it 
valuable to the builder or contractor." — Mechanic's Magazine. 

" It must find its place on the table of every civil engineer, buildo", and contractor, 
as a standard work of reference." — Ariizan. . . 

'* Well done and reliable. It is the duty of a just critic to i>oint out where any 
improvement can be made in any work, but Mr. BumeW Vvas aooticvpated all. objections 
ia his clearly printed book. We therefore recommend \t to aJX \w«n.OB«a tJl ^Jckfc 
proression. "Sm^/uA Mechanic. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for "Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers.* Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture an<J Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineei^ 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of 1 100 pp. of 
I text, and 33 Lithographic Plates, cloth, 2/. 2j. 

" In these two volumes of z^zoo pa^es (together), forty-four specifications of executed 
works are given, including the specifuations for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchanee, by Mr. Tite, M.P. TRe 
latter, in particular, is a very complete and remarkable document ^ It embodte^ to a 
great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description 
of the works,' and occupies more than 100 printed pa^es. 

"Amongst the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, I^lloway (Bunning) ; the High School, Edinbuigh (Hamilton) ; 
CloUiworkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St George's Church, Doncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware> 
house in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tvne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railwav (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
Hittorir, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specificatiozis have illus- 
trations in the shape of elevations and plans. 

"We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a hook of precedents. 

" About 140 pages of the second volume are appropriated to an exposition of the 
law in relation to Uie legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather for those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words what our 
readers will have gathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects." — Builder, 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By FRANCIS 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearings and ^v^^Sxsv^^ 
Machines— Blast, Refining, and ReNet\>tT«Xarj Y>xcc«>sAa<--'^^^K^ 
"Engm^ Governors, BoUers, LocomolVve^ &.<:. T^^K^'^No^eL^vc^^ 
piict I2S, 
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Grantham s Iron Ship-Buildings enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged, 
By John Grantham, M. Inst. C.E., &c. Price 2/. 2j. complete. 

Description of Plates, 



I. Hollow and Bar Keds, Stem and 

Stem Posts. [Pieces. 

a. Side Frames, Floorines, and Bilge 

3. Floorings r0«/M7<A^—Keelsons,Deck 

Beams, Gunwales, and Stringers. 

4. Gunwales cotitinued — Lower Decks, 

and Orlop Beams. 
4/». Gunwales and Deck Beam Iron. 

5. Angle-Iron, T Iron, Z Iron, Bulb 

Iron, as Rolled for Building. 

6. Rivets, shown in section, natural size ; 

Flush and Lapped Joints, with 
Single and Double Riveting. 

7. Platine, .three plans ; Bulkheads and 

Mo(KS of Seourine them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

9. Sliding Keel, Water BalIast,Moulding 

the Frames in Iron Ship Building, 
Levdliz^ Plates. 

xo. Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

XI. Midship Sections of Three Vessels. 

>3. Large Vessely showing iJetails — Fore 
End in Section, and End View, 
with Stem Post, Cmtches, &c. 

X 3. ' Large ^<f«tf /,showing Details — Afier 
End in Section, with End View, 
Stem Frame for Screw, and Rudder. 

14. Za?^^ Kmj^/, showing Details— J/tt/- 

ship SectionAisM breadth. 

15. Machines for Punching and Shearing 

Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 
X5a. Beam-Bending Machine, Indepen- 
dent Shearmg, Punching and Angle- 
Iron Machine. 



153. Double Lever Punching and Shearing 
Machine, arranged for cutting 
Anele and T Iron, with Dividing 
Table and Engine. 

i6i Machines. '^-GzxfoT^s Rivetix^ Ma- 
chine, Drilling and Coimter-Smking 
Machine. 

160. Plate Planing Machine. 

17. Air Fwmace for Heating Plat^ and 
Angle-Iron : Various Tools used in 
Riveting and Plating. 

x8. Gunwale ; Keel and Flooring ; Plan 
for Sheathing with Copper. 

iZa. Grantham's Improved Plian of Sheath- 
ing Iron Ships with Copper. 

19. Illustrations of the Magnetic Condi- 

tion of various Iron Ships. 

20. Gray's Floating Compass and Bin- 

nacle, with Adjusting Magnets, &c. 

21. Corroded Iron Bolt in Frame of 

Wooden Ship ; Jointing Plates. 

22-4. Great Eastern — Loneitudinal Sec- 
tions and Half-breadth Plans — Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 

25-6. Paddle Steam Vessel of Steel. 

27. Scarbrough — Paddle Vessel of Steel. 

28-9. Proposed P^issenger Steamer. 

31. 
32. 

33- 
34- 
35. 



Persian — Iron Screw Steamer. 
Midship Section of H.M. Steam 

Frieate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stern, and Rudder of H.M. 

Steam Frigate, Bellerophon, 
Midship Section of H.M. Troop Ship, 

Serc^is.^ 
Iron floating Dock. 



"An enlarged edition of an elaborately illustrated work." — Builder ^ July 11, 1868. 

*' This edition of Mr. Grantham's work has been enlarged and improved, both with 
respect to the text and the en^^vings bein^ brought down to the present period. . . . 
The practical operations requu-edin producmg a ship are described and illustrated with 
care and precision." — Mecnanics* Magazine, July 17, 1868. 

" A thoroughly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense. 
. . , . As good a volume for the instruction of the pupil or student of iron naval 
ardiitecture as can be found in any language." — Practical Mechanic's youmal, 
August, 1868. 

"A very elaborate work. . . . It forms a most valuable addition to the history 

mSiran shipbuilding', while its having been prepared by one who has made the subject 

his study for many years, and whose qualitications Yvavt bten. xe^ttatedly recognised, 

will recommend it as one ofpractical utility to all mtereSted'm i^^^jvaaAsa^r— Ann^^ 

amfATavy Gaze//e, July zz, 186S. 
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CARPENTRY, TIMBER, &c. 

« 

TredgolcVs Carpentry, new & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the . 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood- used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I large vol., 4to, 2/. 2J. extra cloth. \Recently published, 

^ * Tredgold's Carpentry* ought to be in every architect's and every builder's 
library, and those'who do not abready possess it ought to avail themselves of the new 
issue. — Builder^ April 9, 1870. 

a» A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time, and, as now presented, combine the surest base with the most interestine display 
of progressive science. The additional plates are of great intrinsic value." — Building 
NewSf Feb. 25, 187a 

** *Trcdgold's Carpentry* has ever held a high position, and the issue of the fifth 
edition, in a still more improved and enlarged form, will give satisfaction to a very 
large number of artisans who desire to raise themselves m their business, and who 
seek to do so by displaying a greater amount of knowledge and intelligence than tneir 
fellow-workmen. It is as complete a work as need be desired. To the superior 
workman the volume will prove invaluable ; it contains treatises written in language 
which he will readily comprehend." — Mining youmalf Feb. 12, 1870. 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE, By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, with comparative Values and Tabular Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, Duty, &c., 

&c. ; together with Copious Information for the Retailer and 

Builder. i2mo, price *js. 6d. cloth. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a 
trenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 
cisterns, &c. — all that the class to whom it appeals requires.'* — English Mechanic. 

** The only difficulty we have is as to what is not in its pages. What we have tested 
of the contents,taken at random, is invariably correct." — IllustmtedBmUUt'syoumaL 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES; showing the number of Superficial 

Feet in Boxes or Packing-Cases, from six inches square smd 

upwards. Compiled by William Richardson, Accountant. 

Oblong 4to, cloth, price 3J". 6d, 

"Will save much labour and calculation to pac\dnf^-ca£e TnaSwa^'as^^^^^**^^'^^'*^**'*' 
packing-cases."-^Grocer. " Invaluable \abow-savvas \aXA«&.^' — IronMwmS«^» 
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Nicholson! s Carpenter s Guide, 

THE CARPENTER'S NEW GUIDE ; or, BOOK 6f LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. \s, cloth. 

Dowsing' s Timber Merchant' s Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3^. cloth. 

" Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it,because such possession 
would, with use, unquestionably save a very great deal of time, and, moreover, ensure 
perfect accuracy in calculations. There is also another class besides these who ought 
to possess it ; we mean all persons engaged in carrying wood, where it is requisite to 
ascertain its weight. Mr. Dowsing^s tables provide an easy means of doing this. 
Indeed every person who has to do with wood ought to have it" — Hull Advertiser, 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of "The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, with Mechanical Tables for Operative . 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, $s. bound. [^^t published, 

■ ** As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Templeton's Companion stands unrivalled." — Mechanic^ Magaxitte, 

'* Adminhly sulapted to the wants of a very Var^e das&. It has met with great 
success ia the enginecnng workshop, as we can tesufy ; and ^et^ wte a. ^;c«ax.xnas£^ 
/nco HTbo, in a great measure, owe their rise m life to i\us\vU\evioT\L.*'— Building New*, 
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Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a CoUection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W.Templeton. 4tli Edition. i8mo, 2j.6</. cloth. 

*' So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our mAexs."— Mechanics* Magazine. 

** Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
•^Building JNews, 

Designings Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
iQf. dd. cloth. \yu5t published, 

" This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known." — The Irish Builder. 

*' The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitated."-^ 
Mining youmalf Feb. 11, 1871. 

** We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanging, uat is not fully treated upon in this valuable 
work." — The Artizan, March, 1871. 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade FrOm the extent of the information which the volume 

embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to student.s, whether training in the offices of provincial surveyors, 
or in those of London practitioners.** — Colliery Guardian^ February loth, 1871. 

** Altogether the book is one which well fulfils the promise of its title-pa^e, and we 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engineering^ Mafdi 24, 1871. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length., 
by I to 108 inches in breadth. For the use oC K\0kv\&q.\.^,'»vsxs«^«c5».. 
Engineers, Timber Merchants, BuMfcis, ^t. '^^ ^^.^^^s* Vs.ks»^ 
KINGS. Fcp, 3J. 6d. cloth. 
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MATHEMATICS, &c. 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common-, 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College; Author of "A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. u. cloth. 

" As a standard work on mathematics it has not been excelled." — Artizan. 

*' The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in ms practice. As a moderate acquaint- 
ance with arithmetic, algebia, and elementary geometry is absolutely necessaiy to the 
proper understanding of the most useful portions of tms book, the author very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
woirked out." — Builder. 

** One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of IVf r. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem sumost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errorst whidi 
nave escaped the eyes of the former Editor. The book is now as complete as it is 

f>ossible to make it We have carried our notice of this book to a greater 
ength than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for 
oversteppmg our limit. It is an instructive boolc for the student, and a Text- 
book for nim who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News, 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H, 
DowLiNG, C. E. 8vo, lOf. 6^. strongly bound. 

**Mr. Bowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — Athetutum. 

** Their accuracy has been certified by Professor Airy, the Astronomer Royal."— 
Builder. 
"Resolutions. — That advantage will be derived from the recent publication of 
Metnc Tables, by C H.Dowling, C.Y^'' —Report oj SeciwK F, Bvitixk Association, 
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Inwood's Tables^ greatly enlarged 'and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c,, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compoimd 
Interest, and an Extension of the same to lower and Intermediate 
Rates. By William Inwood, Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F6DOR ThomaN, of the Societe 
Credit Mobilier of Paris. l2mo, &r. cloth. 

%* This edition {the 18M) differs in many important particulars 
from firmer ones. The changes consist ^ first, in a more convenient 
afid systematic arrangement of the original Tables^ and in the removal 
of certain numencal errors which a very careful revision of the whole 
has enabled the present editor to discover; and secondly, in the 
extension of practical utility conferred on the work by the introdtutum 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to Inwood's Tables ; nothing 
has beeft abstracted from the original collection: so thcU those who have 
been long in the hdbit of consulting Inwood for any special profes- 
sional purpose will, as heretofore, find the information sought still in 
its pages, 

** Those interested In the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurance^ &c., will 
find the present edition of eminent s/tT\\ce."'^Engineering: 

"M.atQ than half a century has elapsed since the first edition was published, yet 
' Inwood's Tables' still maintain a most enviable reputation ; and when it is considered 
that the new issue, the Eighteenth edition, has been enriched by large additional 
contributions by Mr. F^dor Thoman, of the French Cr^t Mobilier, whose carefully 
arranged tables of logarithms for the more difficult computations^ of the interest of 
money, discount, annuities, &c., cannot fail to be of the utmost utility, its value will 
be appreciated. The introduction contains an admirable epitome of the principles of 
decimals, and an explanation of all that is necesssury to render the elaborate tables in 
the book of thorou^^h utility to all consulting it. This new edition will certainly be 
referred to with quite as much confidence as its predecessors."— Aftif»t^ yotfrmu. 

Compound Interest and A nnutties. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their AppUcations and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Soci^t^ Cr^it Mobilier, 
Paris. i2mo, cloth, 5^. 

" A very powerful work, and the Author has a very remarkable command of his 
subject." — Professor A, de Morgan. 

** No banker, merchant, tradesman, or man of business, ougJxV. \a \sfc ^vSctfs^J^."^^-'t, 
Thoman's truly 'handy-book.' "—Review, 
" The author of this 'handy-book.* deserves o\jr VSmltiSks."— Insiirance Gowtte. 
'• We recommend it to the notice of act^uane& aad accoAXotostei." ^- AtHeti«wm. 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-M£M0IRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, price 4/. lar. 

*' A compendious encyclopaedia of military knowledge, to which we are greatly in- 
debted." — Edinburgh Review. 

*' The most comprdiensive work of reference to the military and collateral sciences. 
Among the list of contributors, some seventy-seven in number, will be fotmd names of 
the highest distinction in the services. . . . The work claims and possesses the great 
merit that by far the larger portion of its subjects have been treated originally by the 
practical men who have been its contributors.— K(?/»»/rw5'*rr'«r Gazettt. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the Royal Military Academy, Woolwich. Sixth 
Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, sewed, 
price I2J'. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 

Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post 8vo, cloth, price 7^. 6</. \Recently published, 

" Essentially a manual for practical men, and precisely such a book as practical 
men will appreciate." — Scientific Review. 

"A complete encvclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determining the value 
of articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable. "-rCA^ww/ and Druggist, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's Hospital. Fourth Edition, 
entirely rewritten. Illustrated by 5cx> Woodcuts. 8vo, l/. 4^. cloth. 

'* This publication fully bears out its title of * ManuaL* It discusses in a satisfactory 
manner electricity, frictional and voltaic, thermo-electricity, and electro-physiology. 
— A thenautn. 

*' The commendations already bestowed in the pages of the Lancet on the former 
editions of this work sure more than ever mented by uie present. The accounts eiven 
o/" electricity and galvsmism arc not only compVele m a «c\«iv\aSic «as»t'V!WX,Ni\v\ttk.'v5»'». 
rarer thing, are popular and interesting." — Lancet. 
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Text-Book of Electricity. 

THE STUPENrS TEXT-BOOK OF ELECTRICITY: in- 
cluding Magnetism, Voltaic Electrirl*r» Electro-Magnetism, Dia- 
magnetism, Magneto-Electric5*7» Thermo-Electricity, and Electric 
Telegraphy, Being a c?ondensed Resume of the Theory and Ap- 
plication of Elf^^fical Science, including its latest Practical Deve- 
lopmentc, particidarly as relating to Aerial and Submarine Tele- 
gwpiiy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 4CX> Illustrations, I2J. dd, cloth. 
%* In carrying out the design of this work^ the author has availed 
himself both of the matter {in a condensed form) and of the illustrations 
of his ** Manual of Electricity;" but the present volume will be found 
to contain much additional and important information^ {with many 
new illustrations, ) which has become available since the publiccUion 
of his larger work, 

** We can recommend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts. Such collections as the present are indispensable." 
•^Athenaum, 

** A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — Popular Science Review. 

" Clear, compendious, compact, welMHustrated, and well printed, this is an exoel- 
lent manual." — Lancet. 

** We can strongly recommend the work, as an admirable text-book, to every student 
— beginner or advanced — of electricity." — Engineering. 

" The most complete manual on the subject of electricity to be met with.** — Observer, 

" Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science." — 
Mechanic^ Magazine. 

" We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range of facts."— £«^/mA Mechanic. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of *^ Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9J. cloth. 

** We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a . 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner." — 
Medical Times. 

*' A volume of surpassing interest, in which the Author describes the character and 
properties of 400 different articles of commerce, the substances by which they are too 
frequently adulterated, and the means of their detection."*— y)/*>M«^ yaumal. 

'•The very best work on the subject the English press has yet produced."— il/i?- 
cAanics* Magazine. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAI. PKO.O'^O^^X. ^^•(^w^^'^^. 
John Carr, M. A., late FeYLovr olTim. eo\V,C^xs^^5^^. '^^^'c^ns^ 
Edition. i8mo, 5^". cloth. 
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Scif^ue. and A rt. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most impoiu^t Improvements and Discoveries of the 
Past Year m Mechanics and tnc TJseful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. ByJuwN TiMBS, F.S.A., 
Author of "Curiosities of Science," "Things uof Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5*. doth. 

** This work J published annually, records the proceedings of the 
principal scientific societies, and is indispensable to all who wish to 
possess a faithful record of the latest novelties in science and the arts. 

The back Volumes, from i86i to 1870, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5^. each. 

'* Persons who wish for a concise annual sunnnary of imx)ortant scientific events will 
find their desire in the ' Year Book of Facts.' " — Atheneeum. 

" The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risumi of the year's progress in the 
sciences and the arts." — Builder. 

"A correct exponent of scientific progress .x . . a record of abiding interest If 
anyone wishes to know what progress science has made, or what has been done in any 
branch of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required inK)rmation." — Mtchanics* Magazine. 

** An invaluable compendium of scientific progress for which the public are indebted 
to the untiring energy of Mr. Timbs." — Atlas. 

* " There is not a more useful or more interestingcompilation than the * Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise."— 
Railway News. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT; being a Series of Essays on— r. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4, Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The SupematuraUy Impossible ; 6. The 
Age of the Fixed Stars — their Distances and Masses, By Professor 
J. R. Young, Author of "A Course of Elementary MaUiematics," 
&c. &c. Fcap. 8vo, price 5j. cloth lettered. 

" Professor Yoimg's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Churchman, 

** Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical abifity, and by a style peculiarly clear, easy, andtdicrgctic.^'-'NffHconyormist, 

' " No one can ns6 from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism."— ^de//M/ Magazine, 

" The author has displayed considerable learning and critical acimien in combating 

the objections alluded to The volume is one of considerable value, inas- 

jBuch as it contains much soimd thought, and is calculated to assist the reader to dis- 
cnminate truth from error, at least so far as a fkiute mvivd is 9\Ae to serrate them. 
Tjbe nrork, therefore, must be considered to be a vahia\Ae conmWuoTv \o cqtv\xqn«x<»s&> 
thcoIqgjcaJ literature. "—C/ty Press, 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 3,vo, price 5j. cloth. 

" We can recommend Mr. Le Vaux as an able and interesting guide to a popular 
appreciation of geological science." — S^ctator. 

"The author combines an unbounded admiration of science with an unbounded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is, that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds." — London Review. 

** Mr. Le Vaux very feasibly reconciles the two records." — Builder. 

" A most instructive and readable book. We welcome this volume as aiding in a 
most important discussion, and commend it to those interested in the subject." — 
Evangelical Magazine. 

"Vigorously written, reverent in spuit, stored with insbiictive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the glorious destiny 
of man, is vividly conceived.'*— IValckman. 

*' A valuable contribution to the evidences of Revelation, and disposes verv con- 
clusively of the arguments of those who would set God's works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed." — TAe Rock. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2j. dd, 

"The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from 'A Lady's * publication.*' — Athemxunt. 

** A real practical guide. It is very complete." — Literary Ckutxhtnan, 

*' The directions g^ven are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art.*' — English Mechanic. 

" The writer of the little treatise before us deals very plainly and practically with 
her subject. ..... The illustrations are admirably drawn, nearly all the patterns being 

remarkable for their graceful ornamentation. We can confidendy recommend die 
book to amateur wood-carvers." — Young Englishwoman. 



Popular Work on Painting. 



PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. * In small 8vo, 6^. cloth. 

%* This Work has been adopted as a Prize-book in the Schools 
of Art at South Kensington. 

'* A> work that may be advantaj^eously consulted. Much may be learned, even by 
hose who fancy they do not require to be taught, from the careful perusal of this 
unpretending but comprehensive treatise. "^/Ir/ Journal. 

** A valuable book, which supplies a want. It contains a large amount of ocvssok 
matter, agreeably conveyed, and will be fotmd of value, «& >N^>arj >Cckfc 'i'^"^^^'^"'^^^ 
seeking information as by the general reader. "W e ^ve a, cot^^aiSL vi€^"*»\stf6. xa^iiB&^awa*^-* 
smd augur (or it an increasing reputadon.** — J3wii<icr. ».e«at5»as» 

"ITiis volume is one that we can htardly rec«ffl>SB!W^^V> ^ ^^°*^ *^ 
understanding what they admire in a good pa\xi\m&?* — Daily News« 
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Delamotte' s Works on Illumination & A Iphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9J'. Elegantly bound, cloth antique. 

*' A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be useful. . . . Theexamplesof ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Atheneeum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 41. cloth. 

*'A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years* study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, thb book will be useful'* — AtAenofum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 

*' To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the various plain and ornamental letters is 
vfon^exixxl." —Standard. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6s, cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 

tical Devices, Mediaeval and Modem Alphabets, and National 

Emblems, Collected and engraved \>7 ¥. "Dili-kijio-t^^ ^tA. 

printed in Colours. Oblong royal Svo, 25. 6d. 'm oTO3Bic«xi\aN.\wi^x^^. 
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AGRICULTURE, &c. 



Youatt and Burros Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of **The Lessons of My Farm," &c. 
One large 8vo volume, 784 pp. with 215 Illustrations, i/. \s, half-bd^ 



CONTENTS. 



On the Breedings Rearing^ Fattening^ 
and General Management ^Neat Cattle. 
— Introductory View of the different Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
Neajt Cattle. — General Observations on 
Buying and Stocking a Farm with Cattle. 
— The Bull. — ^The Cow. — ^Treatment and 
Rearing of Calves. — Feeding of Calves for 
Veal. — Steers and Draught Oxen. — Graz- 
ing Cattle. — Sgmmer Soiling Cattle. — 
Wmter Box and Stall-feeding Cattle. — 
Artificial Food for Cattle. — Preparation 
of Food. — Sale of Cattle. 

On the Ecofiomy and Managetneni of 
the Dairy. — Milch Kine. — Pasture and 
other Food best calculated for Cows, as 
it regards their Milk. — Situation and 
Buildm^ proper for a Dairy, and the 
proper Dairy Utensils. — Management of 
Milk and (Jream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 

On the Breeding^ Rearingy and Ma- 
nagement of Farm-horses, — Introductory 
and Comparative View of the different 
Breeds of Farm-horses. — Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Training of Colts. — Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses.— 
Asses and Mules. 

On the Breeding^ Rearing^ and Fat- 
tening of Sheep. — Introductory and Com- 
parative View of the different Breeds.^ 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lambs, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breedings Rearing^ and Fat- 
tening of Swine.— ^nXxodwctOTy and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On the Diseases of Cattle.— "Diseases 
Incident to Cattle. — Diseases of Calves. — 
Diseases of Hones. — Diseases of Sheep. — 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c.— PaJmipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices and Implements of 
Husbandry. — The Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — Steam 
Engines, Thrashing Machines, Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management of 
Grass Land. — Size and Shape of Fields. 
—Fences. — Pasture Land. — Meadow 
Land.— Culture of Grass Laind. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning. — Draining. 
Irrigation. — Warping. 

On the Cultivation and Application 
of Grasses^ Pulses and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — ^Vegetables best calculated for 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Catde. 

On Manures in General^ and their 
Amplication to Grass Land. — Vegetable 
Manures. — Animal Manures.— Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — Application ofManures. — Flemish 
System of Manuring. — Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c., and by the Day, Wedc, 
Month, &c.— Monthly Calendar of Work 
to be done throughout the Year. — Obser- 
vations on the Weather. — Index. 



** The standard, and text-book, with the fanner and grazier." — Farmer's Magazine. 

"A valuable repertory of intelligence for all who make ag;n£>\\\>3kt^ ^ "^\«:«i!X,'«»^ 
especially for those who aim at keeping pace "vntih. Oxt VcwpTON««v«DX& cS. '^^t -a^iyi-" 
BelVs Messenger. . . .^ 

"A tretuise wluch will remain a standard wotV on «aft »3^>^«:X «& Vs««t "^ "^^"^^ 
agriculture exidures.'^-^Mark Lane Express, 
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Scott Burtis Introdttction to Farming, 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm-work Records. By Robert 
Scott Burn, Editor of "The Year-Book of Agricultural Facts," 
&c. With numerous Illustrations. Fcp. 6j. cloth. 

**Ainost complete introduction to the whole round of farming practice." — John 
Bull, 

"There are many hints in it which even old farmers need not be ashamed to 
accept" — Morning Herald, 

Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: bemg Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added, Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also. Tables 
of Square Measiure, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, Civil Engineer. New Edition, with Additions and 
Corrections, price 4f. strongly bound. 

'* This new edition includes tables for ascertaining the value of leases for any term 
, of years ; and for showing how to lay out plots of ^ound of certain acres in forms, 
square, round, &c., with valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gendeman and pro- 
fessional xsiaxi."— Fanner's journal. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 4f. cloth. 

Auctioneer's Assistant, 

THE APPRAISER, AUCTIONEER, HOUSE AGENT, 
and HOUSE BROKER'S POCKET ASSI&TANT. By John 
Wheeler, Valuer. A new edition, much improved and enlarged, 
and entirely re- written. [/« the Press, 

The Civil Service Book-keeping. 

BOOK-KEEPING NO MYSTERY: its Principles popularly ex- 
plained, and the Theory of Double Entry analysed ; for the use of 
Young Men commencing Business, Examination Candidates, and 
Students generally. By an Experienced Book-Keeper, late of 
H.M. Ci^ Service. Second Edition. Fcp. 8vo. price 2s, doth. 

"A book whick hrings the so-called mysteries widmn the comprehension of tlw 
simplest csLpaicity,**'—Sunday Times. 
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*It is dear and concise, and exactly such a XaxVAm^ «& «Da[!^nQX& xMscfaxO— 
OfMff^ly yffumalqf Education. 
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Text-Book for Architects, Engineers, Surveyors, 
Land Agents, Country Gentlemen, &c, 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
LAND AGENTS, and STEWARDS, in all their several and 
varied Professional Occupations ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged in the Trans- 
fer, Management, or Improvement of Landed Prope^y ; together 
with Examples of Villas and Country Houses. By Edward Ryde," 
Civil Engineer and Land Surveyor. To which are added several 
Chapters on Agriculture and Landed Property, by . Professor 
Donaldson, Author of several works on Agriculture. With 
numerous Engravings, in one thick vol. 8vo, price i/. 8j. cloth. 



CONTENTS, 



Arithmetic. 

PtANE AND Solid Geometry. 

Mensuration. 

Trigonometry. 

Conic Sections. 

Land Measuring. 

Land Surveying. 

Levelling. 

Plotting. 

Computation of Areas. 

Copying Maps. 

Railway Surveying. 

Colonial Surveying. 

Hydraulics in connection 

with Drainage, Sewerage, 

and Water Supply.'^ 



Timber Measuring. 

Artificers' Work. 

Valuation of Estates. 

Valuation of Tillage and Tenant 
Right. 

Valuation of Parishes. 

Builders' Prices. 

Dilapidations an1> Nuisances. 

The Law relating To Appraisers and 
Auctioneers. 

Landlord and Tenant. 

Tables of Natural Sines and Co- 
sines ; for Reducing Links into 
Feet, &c, &c. 

Stamp Laws. 

Examples of Villas, &c, 



To which are added Fourteen Chapters 
ON LANDED PROPERTY. By Professor Donaldson, 

Chap. I. — Landlord and Tenant : their. Position and Connections. ^ 

Chap. IL — Lease of Land, Conditions and Restrictions ; Choice of Tenant, 

and Assignation of the Deed. 
Chap. IIL— Cultivation of Land, and Rotation of Crops. 
Chap. IV. — Buildings necessary on Cultivated Lands : Dwelling-houses, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, Roads, Fences, and Gates. 
Chap. VL — Plantations, Young and Old Timber. 
Chap. VI L — Meadows and Embankments, Beds of Rivers, Water Courses, 

and Flooded Grounds. 
Chap. VIII.— Land Draining, Opened and Covered : Plan, Execution, aad 

Arrangement between Landlord and Tenant. 
Chap. IX. — Minerals, Working, aqd Value. 
Chap. X. — Expenses of an Estate. 
Chap. XI. — ^Valuation of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manorial Rights, of Royalties, and of Fee 

Farm Rents. 
Chap. XII. — Land Steward and Farm Bailiff: Qualifications and Duties. 
Chap. XIII. — Manor Bailiff, Woodreeve, Gardener, and Gamek.eft.v«x •. 'ftawat 

Position and Duties. * , 

Chap. XIV.— Fixed Days of Audit: Ha\f-N«LT\v 'Pa.YiBMvX* ^'^ '^-^^^i l.'^^-S 

Notices, Receipts, and ol Caii ^of»V»> ^«w«iS.\K«:SJ ^'^^^ 

tates, &c 
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" No Englishman ought to be without this bookJ* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law Mid Equity. By A Barrister. 8th Edition, 
carefully revised, including a Summary of the New Bankruptcy 
{4^wt, the Fraudulent Debtors Act, the Reported Cases of the 
Conrts of Law and Equity, &c. With Notes and References to the 
Authorities. i2mo, price 6j. Zd. (saved at every consultation), 
strongly bound. 

Comprising the RigJits and Wrongs of Individuals^ Mercantile and Com- 
mercial Law, Criminal Law, Parish Lcpw, County Court Law^ 
Game and Fishery Laws, Poor Metis Lawsuits, 



THE LAWS OF 



Bankruptcy. 

Bills of Exchange. 

Contracts and Agreements. 

Copyright. 

Dower and Divorce. 

Elections and Registration. 

Insurance. 

Libel and Slander. 



Mortgages. 

Settlements. 

Stock Exchange Practice, 

Trade Marks and Patents. 

Trespass, Nuisances, etc. 

Transfer of Land, etc. 

Warranty. 

Wills and Agreements, etc. 



•■ Also Law for 



Landlord and X^nant. 
Master and Servant. 
Workmen and Apprentices. 
Heirs, Devisees, and Legatees. 
Husband and Wife. 
Executors and Trustees. 
Guardian and Ward. 
Married Women and Infants. 
Partners and Agents. 
Lender and Borrower. 
Debtor and Creditor. 
Purchaser and Vendor. 
Companies and Associations. 
Friendly Societies. 



Clergymen, Churchwardens. 
Medical Practitioners, &c. 
Bankers. 
Fanners. 
Contractors. 

Stock and Share Brokers. 
Sportsmen and Gamekeepers. 
Farriers and Horse-Dealers. 
Auctioneers, House-Agents. 
Innkeepers, &c. 
Pawnbrokers. 
Surveyors. 

Railways and Carriers. 
&c. &c. 
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No Englishman ought to he without this book . . . any person perfectly imin- 
formed on legal matters, who may require sound information on unknown law points, 
will, by reference to this book, acquire the necessary information ; and thus on many 
occasions save the expense and loss of time of a visit to a lawyer." — Engineer, Jan. 
28, 1870. 

*' It is a complete code of English Law, written in plain language which all can 
tmderstand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Times^ March 6, 1870. 

" With the volume before us in hand, a man may, in nine cases out of ten, decide 
his own course of action, learn how to proceed for redress of wrongs, or recovery of 
rights, and save his pocket from the dreaded consultation fees and the incalculable 
bills of costs." — Civil Service Gazette, May 23, 1868. 

" We have found it highly satisfactory as a work of authority and reference; and a 
handy-book of information. There is abundance of cheap and safe law in this work 
for aU who want it." — Rock, May 26, 1868. 

" A useful and concise eptome of the law, compiled with considerable care.** — Law 
Magazine. 

" What it professes to be — a complete epitome of the laws of this country, thoroughly 
mteJligiblc to non-professional readers. The booV. Vs a. Viasidv qu« xq Yia.N^ mteadi- 
ness mtea tome IcDOtty point requires ready soVutioa."— Beir* Life. 
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